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TEEFACE. 



In the following pages, which are based on a portion of m 
course of Lectures on Mctlieine, I have endeavoured to give 
concise description of the more important points relating I 
the Diseases of the Spinal Cord. 

In some places the original form is retained, but for tl 
most part I have, for the sake of condensation, abandoned tl; 
colloquial style of the lecture-room, and in many placf 
arranged the matter in the form of headings. 

Believiuf:; that one groat secret of all successful teachiii 
is to teach by the eye as well as by the ear, I am in tl 
habit of copiously illustrating my lectui-es by diagrams, drav 
ings, and microscopical prejiarations. The diagrams an 
ibawings are introduced into the text in the form of wooi 
CHts, the microscopical sections are represented in colours. 



The chromo-lithographs arc all drawn by myself, first wit 
the camera lucida, and then in lithogra])h chalk ; they ai 
with two exceptions (figures 50 and 151, which are cojiiefl frin 
""' xrcot) representations of my nwn sections. 



1 am indebted to Professor Dresehfeld of Manchester, 
iJr Ititbertsoii of Glasgow, Ur Crease of South Shields, 
Dr Banhnm of Shetlield, Dr Goyder of Newcastle, and 
T>r Milucr Moore of Coventry, for spinal cords, from whicli 
some of the sections were made; and I am particularly 
iiulubtvd to Dr D. J. Hamilton, not only for material, but also 
for much valuable instniction in the methods of investigating 
iicr\'0U3 strnctures. 

My thanks are also due to Professor Charcot, Professor 
Flower, Professor Ferrier, Dr Ross, Dr Gowers, and Dr Herbert 
Tibbits, for their kinducss in allowing me to reproduce some of 
the figures whicli liave appeared in tlieir respective works. 

A considerable portion of the iirst two cltapters was 
published in the Transactions of the Northumberland and 
Durham Hiledical Society for November and December 1881. 



H. B. 



:>8 Dkvusuel'gu Gabdens, 

EdinBLRGH, March 188^. 
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AN INTBODUCTION 



I 



THE DISEASES OF THE SPINAL COED, 



THE ANATOMY AND PHYSIOLOGY OF THE SPINAL SEGMENT. 



5 1. Until quite recently the affectiona of the spinal cord 
were generally looked upon as so obscure and difficult as to 
baffle the undei-standing of any but the most acconiplished 
specialist Thanks, liowever, to the labours of Ley den, 
Charcot, Erb, Gowers, Buzzaiii, and others too numerous to 
mention, the difficulties are rapidly disappearing, and in a 
short time ve shall probably be aa well acquainted with the 
diseases of the spinal cord as with any other affections to 
which the human economy is liable. 

In attacking any complicated clinical qnestion the diffi- 
culties are very much reduced if we enter upon our work 
with a clear idea of the functions of the affected organ, and 
with a definite plan of study ; and to no group of affections 
does this statement apply more forcibly than to the diseases 
of the spinal cord. 

The spinal cord may be said to consist of a series of 
segments placed one above another. Each segment com- 
prises the portion of cord to which a pair of spinal nerves 
is attached (see fig. 1) ; and each segment may be viewed 
as a distinct spinal unit, or, to speak somewhat figura- 
tively, as a distinct sjiinal cord for a definite area of the 
body, viz., that portion of muscle (muscular area) to which 
its anterior roots proceed ; and that portion of skin, ten- 
don, muscle, mucous membrane, viscus, etc. (sensitive area) 



THE ANATOMY AND PHYSIOLOGY OP 



to wliich the fibres of ita posterior nerve root are distri- 
buted.' 




A Spina! SejmnH icitli lit Pair 0/ Spinal ytna {moJified from Qhhi'ii and Siarjji-y), 
AR-Aulerior root. PIC— Posterior root. Q— Gmglion on posterior root. 
BUN— TrBUiTerael; divided oommua fleiiBor;-inolor nerve Imuk. 

Now the essence of the clinicul examination of the spinal 
cord consists in the systematic and separate examination 
of each spinal segment by observing the motor, sensory, 
reflex, vaso-motor, and tropliic conditions of its body area ; 
and the comprehension of the diseases of the spinal cord 
consists essentially in the correct understanding of the struc- 
ture and functions of the individual parts of these spinal units; 
of the manner in which they are related to each other; of 
the pathological changes to which they are liable, and of the 
derangements in function which result therefrom. 

As yet we are not sufficiently well acquainted with the 
exact distribution and function of each pair of spinal nerves 
(i.e. of each segment) to enable us to examine separately the 
body area of each individual spinal unit. It must, too, be re- 
membered, that adjacent segments are probably related func- 
tionally ; and that, In actual practice, it is often necessary or 
convenient to group several segments together, and to examine, 
for example, the parts supplied by the lumbar or cervical 
enlargement as a whole. The more detailed examination of 
eacli individual aegment (so far as we can at present apply 
it) should, however, always be employed for scientific purposes, 
or where we wish to ascertain the exact position and extent 
of a spinal lesiou. 

■ It ii ataiplor to aonsiiter «ah Ulenil IwK of 
suit kod, Indeed, I umd lumwrly to do so; but tha ari 
ait, tliaagli sllifLlly mora coniiiliOBt«d, i* 
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The Tecent clinical observations of Gowers' on the reflexeB, 
of Remak ^ on atrophic spinal paralysis, and the physiological 
researehea of Ferrier and Yeo,' and of Paul Bert and Marcacci * 
on the function of the different spinal nerves, have supplied 
valuable information as to the motor functions of individual 
e^ments ; and it is probable that before long we shall be 
sufficiently acquainted with tlie function of all the more 
important spinal segments to be able to ascertain their con- 
dition by the examination of their respective body areas. 

The functions of individual segments, so far as they are 
at present known, will afterwards be detailed. 

I shall now proceed to direct your attention to those points 
in the anatomy and phyaioI<^ of the spinal cord whi<Si are 
essential for our present purpose. 

THE ANATOMY OF THE SPINAL SEGMENT. 
5 2. Speaking generally, we may describe a segment of 
the spinal cord as a disc of nervous tissue to which a pair of 
spinal nerves is attached ; each nerve arising by an anterior 
and a posterior root. (See fig 2.) 




Fto. a. 

A Spim^ Stgstml vitA its MneiJar imd SaulliBt Bodj/-Arrm Allackul. 

AB— Aotarior rooL P.B— Posterior root. 0— Giuglion on poaWrior root- 

B.K.N — TrsoaTBrwIy divide.! aeuBorj -motor neryo Iruuk. ni, ni'— Muaculir 

Each segment is divided into two symmetrical lateral 
halves by the anterior and posterior median fissures. The 

■ TktViagiiituil/J>iirataofHcSpiiialCtml,pngBl6,tttt^ 

' AnhivJuT Pis<Malrie, 1871>, ptge 610. 

* Proetrilmgt oj An Aojul SocUti/, No. 'il2, page IS. 

< Quoted iu Iho Lancet, Oct. 1, 1^81, lAgc o9H. 
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division is not quite complete, for a narrow tand of nervous 
tissue remains, towards the centre of the segment, separating 
tlie two fissures, and connecting the two lateral halves of 
which it (the segment) is made up. (See fig. 3.) 




m of a Spinal Srgmenl in the Cfnical n 
AMF-Anter 
AWO— Anterior 
OC— Ceutnl CnntL 

This commissural band is composed partly of grey and 
partly of wliite matter. (See tig. 4.) The white portion lies 
in front, at the bottom of the anterior median fissure, and is 
called the anterior or white commissure; the grey matter lies 
posteriorly between tlie anterior white commissure and the 
posterior median fissure or septum (for the posterior median 
fissure is seldom a fissure properly so called, but rather a 
septum of connective tissue, as represented in fig. 3), and is 
called the posterior or ffrer/ covunissure} 

In the middle of the posterior or grey commissure the 
central canal of the spinal cord is placed. (See fig 5.) 
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Each half segiuent consists partly of grey and partly of 
white mutter. The grey matter (see fig. 6) is placed in the 




centre of the half segment, and is completely surrounded by 
white matter except at one point — about the middle of its 
inner border — where it is prolonged towards tbe middle line, 
forming the corresponding half of the posterior or grey com- 
miaaure. This mass of grey matter consists of two extremi- 
ties or horns (comiia), as they are termed, joined by an in- 
termediate connecting portion. The antenor amm is much 
larger than the posterior, and contains the motor nerve cells, 
which are of the greatest physiological and pathological 
importance. The posterior horn also contains nerve cells. 
They are smaller than those in the anterior cornu, and are 
more spindle-shaped. Their function is probably sensory. 

The motor cells are of large size, and are multipolar. 
(See fig. 7.) One of the poles, which is slender and 
iinbranched, is termed the axis cylinder process. (See figs. 
7 and 8.) In very favourable sections it may be traced 
forwards into the anterior root-fibres, which in leaving the 
cord pass through the anterior column in several separate 
bundles. (See figs. 3 and 21.) The other poles of the cell 
divide almost immediately after leaving the cell body into 
numerous branches, which are supposed to terminate in the 
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through the grey 



delicate network of nerve fibrila which 
matter. (See Q^. 8 and 19.) 




Ifrrvt CtUyVM Ac AnUriar Bont of IMe Sfinal Cord; and Gtrlaelt$ nrrut mttrntri. 
(4/fcr Geiiadky. o— Axis cyHnder praosH>. *— pigment gnuDlea in the ooll. 

The white matter of the eegment has been divided into 
the following parts or columns : — 

1. The posterior column: That portion of the white 
matter which is situated between the poaterior median fissure 
and the posterior coma of grey matter. (See figs. 9 and 10.) 

2. The lateral column: That portion of white matter 
which ia situated between the posterior and anterior nerve 
roots. 

3. The anterior column : That portion of the white matter 
which is situated between the anterior median fissure and 
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Gowers, Uie root-zone coliunn of Charcot, the wedge-shaped 
tract {funiculus cuntatue) of Flechsig, or the coluimi of 
Burdach. (See PEC, fig. 10.) The division is indicated 
auatomieally hy a depression on the surface of the cord 
end a septum of connective tissue passing inwards from it. 




WUtt MaOtr. 



Tb» itlenl colama of the ilghl latar*] bidf *nd tbs *Dt«rior mni posterior 
coIumDB of tbs left lateiml halt Iuts been oat tvaj. PIC — Pottero-iDlgrDal 
columD. PEO — Po«t«ro-Bit«rn«l column. DPT — Direct pyr«niidj tract. 
PHAG — Principal mut of tbe uteiior colnmn. 1. Croued pyramidKl trust. 
3, Direct oaretielUr tnct. 6. LalenJ boundu-y layer of the grej aubstuice. 
1. The uilerlDr mixed region of the lateral colamn. 



The postero-intemal column is chiefly composed of fibres 
coming from the posterior grey comu and from the posterior or 
grey commissure. Their function is not yet definitely known, 
but they probably conduct upwards sensory impressions. 

The postero-extemal column is composed of fibres of the 
posterior root passing inwards to the posterior coruu ; and 
of (?) commissural fibres, which probably connect the posterior 
coruua of different segmenta. The fibres of the posterior 
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The order of developmeDt of tbese difTerent tracto iB ehowu 
in fig. H,* and is, accordiog to Flechsig, as follows : — ■ 




Fia. 11. 

Diagram thowhig tta dyfrrml piyitolBgical tracU at wrioui latli qfllu atrd; and tAi 

order in vkichAty art dteeki)ed. iA/ler FledUig). 

I. SscUon at the height of the Srd csrvfnl i II. U the balght of the 5th oerTf »l j 

IIL at tha hslgbt of the 6th donil ; aud IV. at the baliht of the 4th Innibar nerves. 

1. Priud}*! mao* of the anlarior colnmii; !. Wedge shaped tract j 3. Anterior 

miied region of tbe tateral colamn ; 4. Lateral bouDdir; layer pf the grey sub- 

ataiKle; £. ColoiDn of Ooll; 6. Direct cerebellar tract; 7. Fyramidal tract of the 

lateral colnmua ; T'. Fjiamld tract of the anlariar column i p. Aaterlor root 

* Uoiiied from the iiiti[ilenieDt to ZitrntKi't CfdtfJia, page 668. 
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iDii^nva nf inaurtnt tictioa n/tht Spiaal Card in Vit upper hnl/qftUdariaingitM. 
iA/ltr Fltduifft. 
VG — Tealcular CDlamti of Clirko. dc' — Fibres which fius from the cells ol 
the cdIdtuu of Clarhe to the direct cerebellBT tract, dc — Direct cerebcllu IraeL 

First. The principal mass of the anterior column and the 
■wedge-shaped column. Second. The anterior mixed region 
of the lateral column. Third. The lateral boundary layer 
of the grey substance. Fourth. The column of GoIL 
Fifth. The direct cerebellar tract, Sixth. The direct and 
^^^ crossed pyramidal tracts. 
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§ 4. Such, then, is a brief statement of the most important 
pointa in the anatomy of the spinal segment. Passing now 
to physiology you -H-ill find, that the functional relations of its 
various parts are much more easily understood if you get into 
" 3 habit of regarding each segment as — 
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(1). A eentre, from which voluntary motor, reflex motor, 
vaao-motor, and trophic influences are distributed to ; and to 
which peripheral impressions, producing reflex movements and 
sensations, proceed from., a limited area of the body (i.e., that 
portion of the body to which the pair of spinal nerves belong- 
ing to the segment is distributed.) {See tigs. 2 and 13.) 

(2). As a conducting medium, so to speak, through which the 
great tracts (motor, sensory, controlling, etc.) pass, which place 
the brain in connection with all the other segments situated 
below, or, as comparative anatomists say, posterior tn it {i.e.. the 
segment we are at present dealing with). (See figs. 14 and 15.) 




Dingranmatic nprrtmlatiim nflAe Spinal Sfgtnent ai 
V 2' Motor fibres pnicBeding from tlio left cronsed lacl direct pymniidal 
tracts, to Bupply the mnsciiUr urea, (M.m'.) o\ the Uft Utersl hklf of tbe HguinDt. 
2' 1" Motor fibres proceeding from (be right cropsed KBd diruet pyrsniidsl trnelB 
to supply the mDKiDUr lr», (M<,m,) of the right tflleml hslC of Iho legRlent. 
S, BonBory fibre proceeding from the left BonailiVB ares of the aegmeDl lo juin the 
msin sBUSory trnot (8') lo tbe right posfsro-iDtemal ciliimn. 6', Soosory fibre 
proceeding from the right eensilive ares, of the segtneol to join the m«n sonaory 
trscl, (4') \a tbs left poslero-iDlernal columo. 

The arrows ludlcatB the diruction uf the uervo ' curreuls.' 
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Further, it is convenient to consider the motor, sensory, 
reflex, trophic, and vaso-motor functions of the segment in 
detail; and since each segment consists of two symmetri- 
cal lateral halves, it is only necessary to describe the func- 
tions of one lateral half, and the manner in which the two 
symmetrical lateral halves are (functionally) related to each 
other. 

§ 5 THE MOTOR FUNCTIONS OF A SEGMENT OF THE 

SPINAL CORD. 

The nerve fibres, which conduct voluntarv motor impulses 
from the brain to the muscular area supplied by the seg- 
ment we are dealing with, and to the muscles supplied by 
all the other segments which are situate below it, enter our 
segment by the crossed and direct pyramidal tracts. (See figs. 
16 and 18.) 

Dbhobxftzon of Fio. 16. 
Di ag ram m atie rtpnttnUttion o/tkt SpiiuU Segment at a SjpUuU Centre and Condmctmff 

Medium, 

B — Right, and B' — Left, hemispheres of the braiiL 

MO — Lower end of medulla oblongata. 

1— Motor tract from the right hemisphere. At MO it divides. The larger 
sub-division decnssateSi passes down the lateral column of the opposite side of the 
cord, and snppUes the masoular fibres M and M' on the left side of the body. 
At 1' the supply to M. is given off. The smaller subdivision does not decnssato, 
but passes down the anterior column, and supplies the muscles m and m' on the 
same (right) side of the body. 

S, The motor tract from the left hemisphere. It supplies the muscles M * and M * 
on the right side of the body, and the muscles m* and m* on the left side of the 
body. 

8, 8', Sensitive areas on the left side of the body. 8% 8 the main sensory tract 
from the left side of the body. It passes up the right (opposite) side of the cord 
in the (?) postero-intemsl column, and proceeds to the right hemisphere of the 
brain. 

8*, 8,* Sensitive areas of the right side of the body. 4', 4, The main sensory 
tract from the right side of the body, proceeding up the left side of the cord to the 
left hemisphere of the brain. 

The arrows indicate the direction of the nerve * currents.* 

Note to Tifpk 18, 1«, and IS. 

It is doubtful whether a total decussation of the sensory tract, such as is 
represented in these figures, occurs. Many physiologists believe that the 
decussation is incomplete, as is represented in fig. 2i. 
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_ The course of the motor tract from the cerebrum to the 
spinal cortl is as follows :— Motor impulses are discharged in 
obedience to the command of the will by the generating motor 
centres in the cerebral cortex (see fig. 16). T)ie motor force thus 
liberated is conducted by tlie fibres of the pyramidal tract to the 
anterior cornua of the spinal cord. There are, of course, two 
(main) pyramidal tracts, one proceeding from each hemisphere. 
Following the course of either, say that arising from the right 
Iiemisphere, we find that after leaving the generating motor 




Flo. IG. 

LaUnl riev of At Auman imuH.ihoving tieponliim of lie mofor cmfra. (A/Ur Fori 
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month. 0^') Centre for Uteral niovemeDtB of the hesd and eytt, with elevat 
of the ejelldc and dilHtalloii of the pupil, (a, b, c, d) Centra for tho movctne 
of the hand and wrtsL 
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centres it passes through the corona rfldiata, the anterior two- 
thirds of the posterior division of tlie internal capsule (see 
IK, fig, 17), crus cerebri, right side of tlie pons, and right side 
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of the medulla. At the lower end of the right side of the 
medulla it divides into two parts (see figs. 15 and 18) — 
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the latter division (which, according to Flechaig, usually con- 
tains from 91 to 97 per cent, of the whole) crosses over to the 
left side of the spinal cord, and proceeds down the left side 
of the cord in the lateral column, constituting the crossed 
pyramidal tract of the left lateral half of the cord. The 
smaller sub-division (which, according to Flechsig, usually con- 
tains from 3 to 9 per cent, of the whole) does not decussate, but 
passes down the same (right) side of the cord in the anterior 
column, constituting the direct pyramidal tract (or column of 
Tiirck), the position of which has been already described. 

Voluntary motor impulses, then, are chiefly carried to our 
a^ment by fibres which pass to it from the crossed pyramidal 
tracts in the lateral columns. 

The fibres carrying motor impulses to inferior segments 
simply pass through our segment. (See fig. 14.) The fibres 
destined for our segment itself leave the main motor tracts 
(direct and crossed pyramidal tracts) as represented in fig. 15 ; 
enter the grey matter; and pass to the anterior cornu. 
Some of them pr()bably become connected with the multi- 
polar uerve cells. Others probably pas.i directly into the 
anterior nerve roots. After entering the grey matter, the 
fibres of the pyramidal tract are siipi>osed to divide and sub- 
divide, and finally to form connections with the delicate 
fibrils of Gerlach's nerve network, in which, as I have pre- 
viously stated, the branches of the multipolar nei've cells 
(except the axis cylinder process) are supposed to terminate, 
as is represented in figure 19. 
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Voluntary motor impulses leave the multipolar uerve cells 
of the anterior cornu per their axis cylinder processes, and 
pass out of the cord through the anterior roots. The anterior 
root-fibres pass through the anterior column in several bundles, 
as ia shown in fig. ^0, 

The pasTOKO ot the motor fibrea from the crtwBed pTraniidAl traet 
to tlie anterior nerve root ia diagnimniiiticsllj represented in fig. 15. 
The exact nmnner in which the fibres from the direct pyramiilal 
tract pnas into the anterior root ia not ;et detiniti-ly decided. Soinu 
authorities think that they decussate in the corU and pasa out through 
the anterior neire roota of the opposite aide. According to this view 
there ia a total decusFation of the main p7mn]i<)al tmct proceeding 
from eacli heniiaphere— the greater number of the fibrea of which it m 
oompoaed passing to the opposite side of the cord at the lower end of 
the medulla, and constituting the crossed pyramidal tract; the smaller 
□ umber (which pass down on the aarae side of the cortl na the direcl 
pymniidal tract) decussating in the cord itself, through the anterior 



Others suppose that the fibres of the direct pyramidal tract pass 
through the anterior horn of grey niatt«r to the anterior nerve roots on 
the aame side, as shown in fig. 1^. According to this theory, the main 
pyramidal tract from one heniiaphere conducts motor impulses to hiiih 
aides of the body. This view is supported by the great authority 
of Ur Hughlinga Jackson. His, very ingenious explanation of the 
nicclianism, as quoted by Dr Koss,' is as follows : — " The croaaed and 
direct connection wliich this (the main pyramidal) tract forms between 
the cortex of the brain, and the grey anterior horn is rendered neceacary 
by the fact that every movement of one aide of the body alters the 
centre of gravity, and nccessitntcs a new adjustment of the opposite 
aide. I obtaitied this idea (says Dr Ross) in a conversation with 
Dr llughlinga Jackson, and he illustrated hia meaning by showing that 
when a man stands on the ball of the right foot and stretches his right 
arm upwards and forwards, the left leg ia instinctively thrust back- 
wards and the left arm downwards and backwards in order to keep the 
centre of gravity as far back as poasible. and ao prevent the line of 
gravity from paaxing in front of the ball of the right foot The 
muscular contraction of the right aide of the body may be supposed to 
be regulated in this action from the left cortex of the brain through 
the libres of the pyramidal tract of the lateral column of the right 
side; while the movements of the left arm and leg are regulated from 
the left cortei, but the impulaes are conveyed to the same side of the 
cord and of the body by the fibres of the column of Turck (>.«., the 
direct pyramidal tract)." 

The special motor functions of individual segments will 
he atlerwards detailed (see page 8C). 
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§ 6. THE SENSORY FUNCTIONS OF THE SPINAL SEGMENT. 

The fibres which conduct sensory impressions from all 
inferior segments (t.e., from all parts of the body below our 
segment) enter and pass through our segment either in the 
lateral or in the posterior columns. (See figs. 14, 15, and 
22.) The exact position in the transverse section which 
these fibres occupy has not yet been definitely ascertained,^ 
but it is generally believed that each lateral half contains 
the greater number, if not all, of the sensory fibres proceed- 
ing from all inferior half segments on the opposite side 
of the body ; that is to say, that there is a more or less 
complete decussation of the sensory fibres at (or about) their 
point of entrance into the cord, as we have already seen that 
there is a more or less complete decussation of the motor 
fibres at their point of entrance into the cord, i,e,, at the top 
of the cord. (See fig. 23.) 

The fibres which conduct sensory impressions from the 
body area corresponding to our segment itself, enter our seg- 
ment through its posterior nerve roots. The posterior nerve 
root joins the coM as a single bundle of fibres (see fig. 3). 
After entering the cord its component fibres diverge. Some 
of them pass directly into the posterior horn of grey matter, as 
is shown in figs. 3 and 25. Others traverse the postero-external 
column, and then pass into the grey matter of the posterior 
horn (see fig. 21). In some parts of the cord the fibres of the 
posterior roots pass obliquely through the postero-external 
column; they consequently enter the grey matter at a slightly 
different level from their point of entrance into the cord. 
Having passed into the posterior horn of grey matter, they, 
then, in great part or in toto, decussate, pass through the 



1 From the experiments of Worosohiloff and Ludwig it would appear that 
sensory impulses in the rabbit are conducted through the lateral columns. These 
observers think that each lateral column contwins sensory fibres for both leg& 

In support of these experiments on the rabbit, Gowers brings forward a case of 
crushed cord in man, in which he found secondary ascending uogoneration of the 
postero-interual columns, and s symmetrical patch of the ascending degeneration 
tn that part of the lateral column which lies in front of the crohsod pyramidal 
tract. Ue thinks that this fact, taken in conjunction with the experiments on 
animals, favours the view that some sensation is conducted in this region in man. 
— DingnotU ofDiwtate* oftke Spintd Cord^ page 14. 

it may, perhaps, be not uninteresting in this connection, to direct attention to 
figure 84, which represents the section through the cervical region of the cord in 
u case of disseminated myelitis. The usual secondary ascending degeneration of 
the poetero-internal columns is well shown, and there is also a patch of degenera- 
tion in the lateral column. I am not prepnred to say whether the patch in the 
latornal column was primary or a secondary aioending lesion. 
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commissure of the cord, and join the main senaopy tract, which 
paasea up the opposite side of the cord to tite brain. (See 




Fio. as. Flo. sa-. 

Duigramtoffkr eouTUnfOe^Mirrg Trart proetnSngfmm Ike 1^1 itde of t^ Bodg. 
Tig. V2.— B, The HrM hemiipbere of llie brain. 4 A 6, Peneptlre (Kosltivt) 
coDlreaiD thg riffM hiiniUphare. 6 B.',SeuBltiTearMi(ilrtn.ini)iicle*.lendoD,>lc) 
«t tbe l"ft nde ot the body from which neDtoty imprcHlont prucccd la th« direction 
iudi«ted by lb* srrowa. 

Fi)t. W,— In tlii» Ugan the winiiory rIocuMation Id lh« cord I* reprenenWd ■* 
partial oolj. Thoae fibrBa, wliioh do no! p«« lo lh« nppoaiio lide o[ tita curd, are 
— J-* ^i-.>u^]di«*>i A»iii>n*. .-^t^ j-^. '-iHn»J*iw«r«rf of tbe medulla. 
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figs. 13, 22, and 23.) The decussation of the sensory fibres 
in the cord is not accepted by all authorities ; Meynert, for 
example, describes a sensory decusaation in the medulla; while 
Landois, in his scheme of the nerve centres, makes the whole 
of the sensory tract pass up the same side of the cord and 
decussate in the medulla. (See liia Pkysiologie des Menscken, 
rpage 717.) A partial decussation is represented in fig, 22'. 




/or both lida oftht hoily. 
The Uict llnfls^Uotor libres. The fiM LjDeK.ScnBar; SbraB. Thaco 
1ineiF=MutOT (thick) ftnd seuaorj (fine) fibres, BapplTiDB Itae laft aide of tlie body. 
Tb« *)«ed lioBB^Motor (thick) ind Bonsory (flue) Bbrei, supplTiDg tlie riBht ilda 
of the body. B:=Left AfU, of bnin. B'^^ttight aide of bnln. 1 ! 3=Hotor 
cealrcB (or right arni, truck, and Isr muaeleB reapectivoly, ia tha I^ oarebral 
cortex. V 8' B'=Motor cenlt»» for Itjl »nu, trunk, and leg muiolea raepflrtiToly, 
iQ Iha n^i cerebral cortoi. P=The pnna varolii, M=The medall* oblongata. 
S=a8nriory nerTea from skin, bI«., of rij*( apper o»t«inilj. B'=6oo»ciry uorvoi 
from ikin. etc., ol Un upper ailreniity. B"=8vnaory uar*Bs from akin, etc , of 
ic/taidaot trunk. S"'=«SenBorT nerves (mm skin. etc.. of frff lower eitremily. 
H=UuBcleB of Tight upper aitremilv. M'^^HusoleB of bft opp^r flilrsmlty. 
M"=3InacleBot/ryl Bids of trunk. M"'=Uubc1bb uf fa/I lower extremity. 
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After leaving the cord, the main sensory tract passes 
through the medulla, pons, cms cerebri, and posterior third 
of the posterior division of the internal capsule (see figs. 17 
and 24) in order to reach the sensory perceptive centres, 
which are situated in the posterior parts of the hemispheres. 
There is great difficulty in establishing the exact position of 
the tactile centre. Fen'ier, as the lesult of numerous experi- 
ments, places it in the hippocampus major and uncinate con- 
volution, a view which is confirmed by clinical observation, 
for many cases have been reported in which rupture or 
disorganisation of that part of the internal capsule, which lies 
external to the optic thalamus, has caused heuuau:esthesia of 
the opposite aide of the body.^ 




VmicaJ (niiKRrH urtim liruuyk Iht braiit qftht <l>»j «n a leret iriU Ue 

mrpiira imrnHllaria. (_AJla- CnrcilU ami Dunt.) 

00. The optio tbaUmi. SB. TUo uuolel caiudMi uf lie I'orpom striata on eacli 

aide. LL. TlielantlcDkrDudaiof tbarorpnrLBtriaU. PP. The iutBriul capsuls, 

or podauaalar eipuuion. AA. The bippucampL X. Eectiou of the pDal«rior 

put of tie poduucutu- ezpuuioa, ousiDg AemioimMcMa. 

The Special sensory functions of individu^ segments of 
the cord will be afterwards described (see page 137). 

§ 7. THE REFLEX FUNCTIONS OF THE SPINAL SEGMENT. 

Every half segment of the spinal cord with ita sensory and 
motor nerve roots is, in theory and probably also in fact, a 
jierfect reflex arc. Peripheral irritation applied to the portion 
of skin, muscle, tendon, etc., to which the fibres of its posterior 
nerve root are distributed, may result in the production of 
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(reflex) movements in the muscular area to which the fibres 
of its anterior nerve root proceed. 

As a matter of fact, peripheral irritation applied to the 
body area of one segment often produces (reflex) movements 
in the muscular areas of other segments as well as in its own 
muscular area. This is owing to the free inter-communication 
between the nerve fibrils in the grey matter of the cord. 

The multipolar nerve cells of the anterior comua probably 
constitute the centre of this reflex arc. The superficial reflexes 
are probably conducted by those fibres of the posterior root 
which pass directly into the posterior horn of grey matter; while 
deep reflex impulses are probably carried by those fibres which 
pass through tiie postero-extemal column, as is shown in fig. 25. 




Fio. 25. 
Diagrammatic repretentoHon of the rrjtexjwtctimt of the Spinal SegmeiU. 

The left half segment is normal. The right half represents the early stage of 
locomotor ataxia, the position of the lesion being shaded dark. 

8, Skin from which sensory fibres pass through the common sensory motor nerve 
trunk, posterior root, and posterior horn of grey matter to the reflex centre (4). 
T, Tendon, muscle, and fascia, from whicli the sensory fibres pass which conduct 
the deep reflex movements. These fibres traverse the postero-extemal column, 

m. Muscle supplied by the anterior root of the left half segment The dotted 
line passing from the crossed pynunidal tract in the lateral column represents the 
inhibitory fibre. 

The arrows show the course of the reflex impulse. 

On the right side the deep reflex movements arc seen to be arrested by a lesion 
in the postero-external column. 
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Clinical and pathological observations go to show that 
reflex movement may be inhibited by an elfort of the wilL 
The fibres which conduct inhibitory reflex impulses probably 
pas8 down the cord in the crossed pyramidal tract. 

Whether there are distinct fibres set apart for the con- 
duction of inhibitory impulses is doubtful. It is, I think, 
quite possible that tlie same fibres whicli conduct voluntary 
motor impulses may conduct inhibitory impulses too. When 
we inhibit or prevent a reflex movement ; when, for example, 
we resist the reflex jerking of the leg, which, under ordinary 
circumstances, follows tickling of the sole, we do so by placing 
the muscles of the limb — probably the antagonistic muscles 
to those concerned in the production of the reflex movement — 
in a condition of tonic, but not obvious (naked eye) contraction. 
In other words, we send a motor impulse through the fibres 
of the pyramidal tract. So, too, when we inhibit the vesical 
reflex we sustain the action of the sphincter and urethral 
muscles by a voluntary effort, until the reflex impulse, which 
has made its way from the vesical mucous membrane to the 
detrusor through the spinal cord, has become exhausted. 

The greater number of the inhibitory fibres which enter 
our segment (viz., all those which govern the reflexes passing 
through inferior segments) simply pass through it. Those 
fibres which conduct impressions inhibiting the reflexes passing 
through our segment itself, leave the main bundle of inhibitory 
fibres, enter the grey matter, and presumably become con- 
nected with the reflex centre (multipolar nerve cells of the 
anterior cornu) as represented in fig. 25. 

The special reflex functions of individual segnienta will 
be afterwards described when I come to treat of the clinical 
examination of the spinal cord. (See page 130.) 

§ 8 THE TROPHIC FC.SXTIOSS OF THE SPIXAL SEGMENT. 

The multipolar nerve cells of the anterior cornu exert 
a trophic influence upon the motor nerve fibres passing 
out of the segment, and upon the muscular fibres to which 
they are distributed. When the multipolar nerve cells are 
acutely destroyed, the axis cylinder processes arising from 
them, the fibres of the anterior roots, and the muscular fibres 
to which they are distributed, undergo rapid atrophy. 

But, in addition to the trophic influence of the multipolar 
nerve cells of the aaterior cornu, the grey matter 8een"> *" 
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exert a trophic influence upon the portion of akin from which 
the fibres of its posterior nerve root proceed. After cei-tain 
injuries of tlie central grey substance, for example, acute bed 
sores have been observed. 

Further, it must he remembered that the fibres of the 
pyramidal tracts (direct and crossed) have their trophic centre 
in the motor area of the cerebral cortex. Lesions, therefore, 
in our segment which sever this connection will be followed 
by descending degeneration of the pjTamidal tracts in all the 
segments which are situated below it (See p. 34.) 

Again, the fibres of the posterior nerve roots and of their 
upward prolongations have their trophic centre in the posterior 
root ganglia. Lesions of our segment, therefore, which sever 
this connection will he followed by secondary ascending de- 
generation ; and as a matter of fact we know tliat lesions of 
the postero- external column are followed by secondary as- 
cending degeneration of the postero-intemal column, and of 
the direct cerebellar tract of Flechsig, above the level of the 
lesion.' 



■ I 9. THE TASO -MOTOR FONCTIONS OF THE SPINAL SEGMENT. 

We have not as yet much definite knowledge regarding 
the vaso-motor functions of tlie spinal cord. It is probable 
that vasoconstrictor and vaso-dilator fibres pass through each 
segment, and that there are distinct vaao-motor centres in 
some, at least, of the segments of which the cord is composed. 
The exact position of the conductors (vaao-motor dilators and 
constrictors) in the transverse section is not definitely known, 
but it is probable that they pass down some part of the lateral 
Columns. 



§ 10. THE FUNCTIONAL CONNECTION OF THE TWO LATERAL 

H HALVES OF A SPINAL SEGMENT. 

^T Each half segment is, to a large extent, functionally inde- 
"J*endent of its fellow on the opposite side. In the segments 
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compoaing the cervical region this independent action is 
most highly developed, but even there the two lateral halves 
are in intimate connection, 

Numerous ill list rations of their relationship might be given, 
but the following will suffice : la case of hemiplegia voluntary 
movementfl in the sound (non-paralysed) hand are sometinies 
attended by corresponding movements in the paralysed one. 
External irritation applied to one limb not unfrequently pro- 
duces reflex muscular movements on both sides of the body. 
If one hand be plunged into cold water an alteration iu the 
temperature of the other hand occurs, etc., etc. 

In the segments composing the dorsal region of the cord, 
this independent action, as regards the motor functions at all 
events, is much less developed. The muscles supplied by the 
half segments of one side (in this the dorsal region) are in the 
habit of acting in connection with the muscles supplied by the 
half segments of the other. And to provide for this associated 
actioa there is probably, as Dr BroaJbent has so well theorised, 
a free communication between their respective nerve nuclei, 
the multipolar nerve cells of the anterior cornua. 



§ 11. THE CONNECTIONS OF DIFFERENT SEGMENTS WITH ONE 
ASOXHEE. Spinal co-ordination of moi-aiu;iit. 

Adjacent segments are, of course, structurally continuous. 
But, in addition, different segments are structurally and func- 
tionally connected with and related to one another. Such 
a combination is required i'or the co-ordination and group- 
ing of motor impulses. The co-ordination of muscular 
movement, esi)ecially of the muscular movements of the 
lower extremities, is to a large extent reflex, i.e., under the 
direction of peripheral impressions proceeding from the 
skin, muscles, tendons, joints, ete. And we may theo- 
retically suppose that the peripheral impressions of this de- 
scription, which enter by one posterior root, may retjuire to be 
distributed to several adjacent segments. This distribution 
is probably, in part at least, provided for by the commissural 
fibres which paas (?) from the posterior horn of one segment 
to the posterior horn of other segments, through the postero- 
external columns. For the same reason, we may theoretically 
suppose that the multipolar nerve cells of one segment are 
connected witli the multipolar nerve cells of otlier a *" 



THE SPINAL SEGMENT, 29 

— that there are are, in short, commissural fibres which pass 
from the anterior horn of one segment to the anterior horns of 
other segments, possibly through the anterior columns. 

But in addition to these, which we may term the more 
highly specialised commissural connections, every segment is 
connected with every other segment by means of the vast 
network of delicate nerve fibrils which constitute such a large 
and important part of the gi^y matter. 

Motor impulses and sensory impressions, or, more correctly 
speaking, the nerve vibrations which produce sensory im- 
pressions and motor impulses (or nerve currents, as they are 
less accurately, though very expressively called) follow the 
path of the least resistance ; and the more highly specialised 
the sensation or movement, the more sharply defined is the 
path through which that impulse travels (i.e., the greater is 
the difference in the degree of resistance between the path 
through which it must pass to produce the desii*ed result, and 
all other paths.) . The nerve currents which produce the more 
highly specialised movements have little or no tendency to 
diffuse themselves, and in passing through the grey matter 
of their respective segments they make use of very definite 
channels, while the nerve currents, which produce the least 
specialised sensations and movements, have a considerable 
tendency to spread from segment to segment, and so through 
the whole cord, pet' this delicate nerve network in the grey 
matter. Conversely, in cases of disease where the accustomed 
path (the path of least resistance) is * blocked ' by a lesion, the 
more sharply defined that path, the greater difficulty will the 
nerve vibration have in finding its way by any other. Hence 
it follows, that the more highly specialised sensations and 
movements are most easily deranged, and, when deranged, are 
with the greatest difficulty restored. 

Where the accustomed path is ' blocked,' the nerve current 
will always tend to pass by some side or collateral channel. 
In some cases the position of the ' block ' prevents the possi- 
bility of such passage. Section of a sensory-motor nerve, or 
of its posterior root (the position of such lesions is marked in 
fig. 25 by the numbers 1 and 2), wiU, of necessity, prevent 
any reflex movement being excitisd by irritation of its sensitive 
body area ; but where the ' block ' affects the reflex arc after 
the posterior root has entered the grey matter, say, for example, 
where the reflex centre (4, fig. 25) is destroyed, though the 
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reflex impulse cannot pasa out, per its accustomed channel, it 
may make its way through the delicate nerve network in the 
grey matter to other and more distant segments, and so pasa 
out to other and more distant muscles. 

A very striking illustration of this fact came under my 
notice a short time ago. The case was one of ■polio-myditix 
anterior acuta in an ndult. A woman was auddenly attacked 
with paralysis of all four extremities. Tlie attack was ushered 
in with fever. The paralysis was followed by rapid atrophy. 
When I saw the case, some months after the onset of the 
disease, the paralysis was almost complete in the lower 
extremities, and very considerable in the upper. The para- 
lysed musclea were atrophied to an extreme degree. Sensibility 
was quite perfect, indeed abnormally acute. There was not, 
and never had been, any affection of the bladder or rectum. 
Tickling the soles prodvcrd no ttj^kc movement in the lower 
extremities, for the reflex impulse could not pass out owing 
to the lesion in the reflex centre, but was foUoved by strong 
contraction of the muscles supplied by the upper segments of the 
cord, indeed, the jerking movement which resulted waa 
sufficiently powerful to produce a violent start of the whole 
body. 
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CHAPTER ir. 

THE PATHOLOGY OP TUE SPIKAL SEGMENT — THE ALTERATIONS 
IN FCSCTION WHICH RESULT FROM LESIONS OF ITS 
DIFFEEEST PARTS. 



§ 12. Passinq from normal to diseased function, I will now 
describe some of the more important points with regard to 
the pathology of our spinal segment. I must beg of you, 
however, to remember that, in actual disease, the morbid 
process is very seldom, even at its commencement, limited 
to a single segment. In the majority of cases met with in 
practice, several segments, or even long portions of the cord, 
are involved. The somewhat artificial arrangement which I 
propose to follow ia, however, useful — it greatly simplifies 
the subject, — and, with the caution I have just given, may 
be safely adopted for teaching purposes. 

Some of the morbid conditions affecting the spinal cord 
{i.e., our segment) are primarily nermita; others originate 
in the surrounding parts (i.e., bones and membranes). In the 
latt«T case, the cord lesion is secondary. Now, in describing 
the pathology of the spinal segment and the symptoms which 
result from derangement of its different parts, it is convenient 
to separate these two groups of lesions, which may be termed 
intra-mcdvllary and extra-medullary respectively. 

INTRA-MEDULLARY LESIONS. 

The affections of the cord which are primarily turvous are 
either acute or chronic. In some the diseased process is 
strictly limited to definite physiological tracts. These affec- 
tions are called system, diseases. In others the morbid process 
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has no such physiological limitation, hut involves at hap- 
hazard, as it were, a greater or smaller portion of the trans- 
verse section. To these lesions the term indiscriminaU may 
be apphed. In a third group of cases, as we shall after- 
wards see, these two forms of lesions are combined, 

§ 13. THE SYSTEM DISEASES OF THE SPINAL CORD. 

The great characteristic of a system disease is, as I have 
already mentioned, the sharp limitation of tlic lesion to a 
definite pliysiological tract. The lesion usually extends 
through several segments, and is generally bilateral and sym- 
metricaL 

The great vertical extent is due in some cases, as in 
poliiMnydUis anterior acuta, to the circumstance that the same 
physiological areas in many different segments are affected 
simvitaiuimsly. In others it results from the extension of 
the morbid process from segment to segment along the fibres 
of the affected tract. This extension (always?) takes place 
in the direction of the physiological activity of the affected 
fibres, and is very generally of the nature of a ' secondary 
degeneration.' 

The 8>/stem Icsiims of the spinal cord are Rither primar}/ 
(i.e., arising independently of any previous lesion), or second- 
ary {i.e., resulting from some previous morbid condition). 
To the secondary system lesions the term ' secondary degcn- 
eralions ' is usually applied. 

§ 14. Primary sydem lesions, — The physiological tracts in 
the transverse section, which are liable to be affected by 
primary system lesions are ; — 

1. The region of the anterior comu (1,1' fig. 2fi). 

2. The region of the erosscd pyramidal tract {3, 3' fig. 26). 

3. The region of the postero-external column (2, 2' fig. 26). 

Professor Pierret of Lyons liaa described a case in which 
the postbro-iiitemal coluninii were alli'cted by what seemed 
to he a primary syHtem lonion ; hut bo far as 1 am aware no 
other case has yet been rotrurdud,' 
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Fw. 26. 
DlafframmalicreprtMentatioa oflkt primari/ igrtem Ui 
I, 1' BegicD of tlie auleHor born, i, V Ret^oi 
omn. B, S' Brgiun of ttie croSBod pymuJiJal tract. 
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In tlie majority of cases oae system only is involved, but 
in some cases two physiological tracts in the same half 
segment may be affected. In combined cases the lesion is, at 
the outaet, limited to one tract, and subsequently spreads to 
another. The mode of extension is usually along the fibres 
which connect the two systems functionally, and is (always ?) 
in the direction of the physiological activity of the connec- 
tion. Thus, a sclerosis of the pOBtero-external column may 
extend to the anterior comu, presumably alonj; tbe fibres, 
which pass from tbe poatero-exteraal column to tlie posterior 
cornn, and thence to the anterior horn ; or a sclerosis of the 
crossed pyramidal ti'act may extend to tbe anterior cornn, 
presumably along the fibres which leave the main motor tract 
and pass into the grey matter. 

Occasionally it would appear that the morbid process is 
prop^ated from one physiological tract to another by direct 
extension (continuity of tissue), and that a sclerosis of tbe 
postero- external coluum (and posterior cornu) may cause a 
sclerosis of the pyramidal tract in the lateral column; a lesion 
of the anterior comu may pass te the crossed pyramidal tract, 
and so on. 
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§ 15. Secondary system lesions {secondary degeneration^). — 
The regions of the transverse section, which are liable to 
be affected by secondary degenerations, are the regions of 
the crosaed and direct pyramidal tracts, and the region of 
the postero-iutemal cohimn. (See fig. 27.) 




§ 16. TIhe secondary degenerations of the crossed and direct 
pyramidal tracts (secondary descending degencraii&ns). — The 
primary lesion, which produces secondary degeneration of 
the motor tracts in the cord, may be situated either in the 
brain or in the cord itself, but it must be so placed as to 
separate the fibres of the i)yraniidal tract from their trophic 
centre, i.e., the nerve cells of the cortical motor centres. 
When the lesion is in the brain, where, for example, there 
is hfemorrhagic destruction of the internal capsule, the de- 
generative process extt^nda downwards along the course of 
the pyramidal tmct. In the cord, tlierefore, it involves the 
direct pyramidal tract on the same side, and the crossed 
pyramidal tract on the opposite siilu to the brain lesion. 
(See fig. 28.) 

Wliere the primary lesion ia situated in Uie cord itself the 
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degenerative procesa may involve oue or all of the pyramidnl 
tracts below the lesion. 

A total transversg lesion will produce secondary descend- 
ing degeneration of the direct and crossed pyramidal tracts on 
both sides of the cord. (See figs. 29 and 71.) 
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A unilateral transverse lesion will cause secondary de- 
scending degeneration of the crossed and direct pyramidal 
tracts on the same side only (see figa. 30 and 73). 




<iO/the S/iiniil Cord af}tr t 



ThBloj 

md to uc. 
t. D«KeD. 



'Mpy tJiD Hglit limit d( lliu card. 



A laion limited to llie lateral column will be followed by 
secondary descending degeneration of the crossed pyraniidal 
tract on the name side (see tig. 31); wiiile a lesion of the 
direct jrgnniiiiial Iraet in any given st^ment will, theoreti- 
cally,' liti foUowed hy secondary descending degeneration of 
the same phyMJological area iu all the segmeuts wliich are 
situated Ixslow it (see fig. 32). 

It will l»e ulwerved that in all of these cases the degenera- 
tive process BXt«ndH downwards from the seat of the primary 
lesion ; hence tliu t4;rni secondary descending degenerations.* 
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The ledan Ii aupposed to ba siduted above tbs levsl of tbs uotloD abowD in 
tbe Sgnre, and to involre tbe l*Mr*l ooluinu of tbe rigbt aide. 1. Dogsasntvd 
croned pyramid*] tract of lbs rigbt aide. 
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Tbe lesion is eappowAto be aitnited abo^a tbe level of the aeetioi] ehowi 
the figure, and to Involve tite aDlerior colimu] of tbe rigbt aide. 2. Degenen 
direct pTramidal tract of tbe rigbt aide. 
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§ 17. Secondary degeneration of the postero-iniemal eoluvm 
{secondary ascending degeneration). — Secondary degeaeration 
of the poatero-iatenial column (aee figs. 33 and 34) resulta 
from any lesion which separates its fibres from their trophic 
centres in tlie posterior root ganglia. The lesion is usually 
situated in the postei-o-external column, but it may be 
placed in the posterior root between the ganglion and the 
cord, or in the ganglion itself. The degenerative pitwesB 
extends upwards, hence the terra secondary asixnding de- 
generation. 




I will now deacrilw in detail the symptoms which are 
produced by lesions of the difl'erent physiological regions or 

tracts. 



6 18. LESIOXa OF THE ANTERIOR COBNU. 
Tlie ultimate effect of all lesions of the anterior comu (see 
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fig. 35) is to cause destruction of the multipolar nerve cells 
which are its essential cuustitueuts. The eHijcts of the lesiou, 




i.e., the aymptoms, in any given case, depend upon two ele- 
ments, viz., the rapidity of the destruction, and the number 
of nerve cells which are destroyed. In order that you may 
be perfectly clear as to the rationale of tlie symptoma, allow 
me to recapitulate the functions of the multipolar nerve cells 
of the anterior cornu, and at the some time to direct your 
attention to figure 36. 

§ 19. The physiological funclion of the mullipalar lurve 
cells of the anlerim- cornu. — 1, To the multipolar nerve cells 
of the anterior cornu pass: — (a) Voluntary motor impulses 
from the brain, per the fibres at the crossed and direct pyra- 
midal tracts (aee fig. 24)"^ C^) reflex impulses from the 
' sensitive area ' of the segment, ^wr the fibres of its posterior 
ner\'e roots; (c) controlling' impulses for the reflexes of the 
segment, per the fibres of the crossed pyramidal tract. 

2, From the multipolar nerve cells — (a) voluntary and 
(&) reflex motor impulses pass to the muscular area of the 
segment, prr their axis cylinder processes. 
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3. The multipolar nerve cells of the anterior coma are the 
trophic centres for the motor nerve fibres arising from the 
segment, and for the muscular fibres to which they are 
distributed 

§ 20. AccTE DESTRUcnox of the anterior horn {i.e., of its 
multipolar nerve cells) may be total or partial Where all 
the multipolar nerve ceUs of our segment are acutely destroyed, 
the symptoms will be as follows : 

(a.) Positive symptoms, — 

1. Immediate paralysis of its muscular area. 




Fig. 86. 
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tFanamits rolnntary motor, reflex motcv, and trophic impnlsea, from the cell 
to the mnacle JL 6. Branch which plaoee the cell in commaiiication with other 
cells in otlier segments. C Bnuich which places the cell in coDoectioQ with 
oiber cells in the opposite anterior horn of the same segnieuL Go the left t-ide 
the division of the ceil processes, which termiuale in Gerlach's nerre net work is 
shown. 
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2. Absence of all rr-flex luovenieots in its muscular area. 

3. I^pid atrophy, and the " reaction of degeneration,' ^ in 
the paralysed muscles. 

(b.) N&jative sifinptoms. — 

Lesions limited to the ftnterior cornu do not disturb the 
Bensory functions of the segment, nor its functions as a con- 
ducting medium. There ia, therefore, no derangement of sen- 
sibility iu the parts supplied by its posterior roots. The motor, 
sensory, and other functions of all inferior segments are intact. 

The extent of the paralysis and of the muscular atrophy 
varies directly with the number of nerve cells wluch are 
destroyed. Where the destruction ia incomplete the iiaralysis 
is of course partial. In such cases the reflex impulses may 
still be obtained. In cases of partial destruction it may 
be diHicuU or impossible to demonstrate the 'reaction of 
degeneration,' for tlie healthy muscular fibres respond in a 
normal maimer to both forms of current, and so ohscure the 
reactions of disease. 

In many cases of acute intlammation of the anterior 
comu (polio-myelitis anterior acuta), in wluch there is at the 
outset total paralysis, a certain amount of power is subse- 
quently regained. In such cases, the inflammatory process 
temporarily arrests the function of all the nerve cells of the 
afi'ected segments. Wlien the acute stage passes off, some 
of the cells have been absolutely destroyed, and the muscular 
fibres which they supply are permanently atrophied. Other 
nerve cells, which have been leas seriously damaged, gradually 
recover, and the muscular fibres which Uiey innervate regain 
bulk and power. 

Aa a matter of experience, we know that, in pdio-viyeHtis 
antci-ior acuta (the primary system disease of the anterior 
comua) the functions of the bladder and rectum are not 
affected, a fact which seems to show either that the centres 
for the vesical and rectal reflexes are not situated in the 
anterior comua, or that the multipolar nerve cells in the 
lower segments, through which the vesical and rectal reflexes 
pass, are uninjured by the lesion. 



1 Tbe lorm 'reactioD ol drgeneritjoa ' bus bwa given by Erbtocertaiu qaalila- 
n electrical illeniliuDS, which are fully daacribed on page 105. 
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In Fig. 37 I have diagrammatically represented the effects 
of (Kute destruction of the anterior corn 
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italinn n/tht lymplomi u^ich rtnll/rom acyli dritncliiM oflht 
mUerior comaa oflha fpinal cord 
On the left side the dDstniclioa of the oerre cUb it complute. The autcrior 
nerve roots, motor nerve fibres, ■nd muBules, vhicli (hey BUp|il}', are nil de- 
generited. There is n totsl 'block' lo the passage ol voluetnry motor and 
reflex motor inipulsos. Oo the right side two-tblrds ol lUe motor cells are 
deatroTsd; two-thirds of the mnscular arm connected with the rigbt uiteriOT 
corun are drgeuonitpd and atrophied ; oue-third (U) remains bealchf , and can be 
Diado tu contracl hy voluntary or reflci motor imiiulsos. 

Acute destruction of the multipolar nerve cells of the 
anterior comu often occurs as a primary system disease (the 
morbid process commencing in, and being confined, to the 
anterior "cornu). It then constitutes the affection which is 
termed polio-viyditis anterior acuta (acute inflammation of the 
anterior grey matter). 

Acute destruction of the anterior horn of grey matter may 
also be part and parcel of an indiscriminate lesion, as, for 
example, a transvei-se myelitis. In such cases the symptoms, 
which result from acute destntction of the anterior comu, 
are present, together with the symptoms which result from 
destruction of the other tracts which happen to be affected. 
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§ 21, Thf- morbid histology of polio-myelUis anterior acuta. 
— Almost all authorities are at one in tliinking that the 
lesion is inflammatory. Opinions differ as to whether the 
inflammation commences in the nerve elements or in the 
connective tissue, hut all authorities are agreed that the 
ultimate effect of the inflammatory process ia to cause acute 
destruction of the multipolar nerve cells. Atrophy of their 
axis cyhnder processes, of the anterior root fibres, and of the 
muscular fihres to which they are diatrihuted necessarily 
follows. The disease is rarely fatal ; it is seldom, therefore, 
that an opportunity of observing the condition of the cord iu 
the early stages occurs. In the few cases which have been 
examined, soon after the onset of the affection, au area of 
inflammatory softening was found in the lumbar or cer\-ical 
8 of the coi-d. 




I hmg itandiiu/ in/anlile 



TntiutvTK tatloa of tilt rmkal TOflon of Ihc Spinal Cord 
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panlysU. There was fibroid atrophy of tlie right anlerior coma, and Btroplij 
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The microscopical examination, in recent cases, shows 
the usual appearances of an acute myelitis (see page 52) : the 
nerve elements are more or less disintegrated ; many of the 
nerve cells have entirely disappeared; compound granular 
corpuscles and oil globules infiltrate the softened tissue and 
adhere to the outer coats of the vessels ; the connective tissue 
elements in the neighbourhood of the inflamed part are 
proliferating, nuclei and leucocytes are scattered throughout 
the surrounding tissue. 

At a later stage the softening is less marked, or has 
entirely disappeared. The nerve cells are in great part 
destroyed, and are here and there replaced by oil globules. 
The vessels of the affected part are dilated; and the con- 
nective tissue elements increased. Ultimately the affected 
cornua become atrophied and sunken, as is represented in 
figure 38. 

The chromo-lithograph plates (figs 39 to 45 inclusive) 
illustrate all the more important pathological characters of 
the lesion. The sections were made from a cord which, 
through the kindness of Dr D. J. Hamilton, I was enabled 
to examine when working in the pathological laboratory of 
the University here. 

The patient, a boy, aged two and a half years, was admitted 
to the North-Eastern Hospital for Children, under the care of 
Dr A. R Sansom, on the 2l8t of March 1879, suffering from 
infantile paralysis, and died from diphtheria on 9th May of 
the same year. The attack of paralysis was of four and a-half 
months* duration. It was incomplete, and involved the right 
lower extremity. 

Microscopical JSxamination of the Spinal Cord. — The lumbar 
region of the cord presented the typical appeai-auces which 
constitute the lesion of infantile paralysis. The nerve cells 
at the seat of the lesion were replaced by fatty globules ; a 
considerable number of leucocytes were scattered through 
the anterior cornua, and, indeed, through tlie grey matter 
generally ; the connective tissue corpuscles of the grey matter 
were more numerous than in health ; some of the blood- 
vessels in the anterior cornua seemed abnonnally large 
and dilated; fatty globules, similar to those replacing tlie 
nerve cells, were adherent to the outer coat of some of 
the vessels. The white columns of the cord were perfectly 
healthy. 
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§ 22 Chronic Affections of the Anterior Cobntt. — In 
chronic affections of the anterior comu the multipolar nerve 
cells are picked out, as it were, one by one, and are gradually 
destroyed. 




em iW dittrnctiOK of Ott 

Od t1ie loft sido the diseasa iB In hq earl; Bbge. Ooe uerre cell (k*) Is com- 
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Tlie symptoms, which result from slow destruction of the 
multipolar nerve cells, are aa follows : — 

Ponltive symjitmns. — (a) Slow and gradual atrophy of tho 
muscular fibres to wliich the axis cylinder processes of tlie 
nlfeeUtd cells proceed. 
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At first, there is no paralysis bat only slight mnscolar 
weakness. As the disease progresses the muscular debility 
becomes more marked. In the final stages, t.^., when all the 
motor nerve cells of the s^ment are destroyed, there is, of 
course, complete paralysis of the muscular area of the affected 
8^;ment In the earlier stages, the degree of atrophy is 
directly proportionate to the number of motor nerve cells 
(i.e., of muscular fibres) which are affected. The ' reaction of 
d^eneration/ for the reasons given above in speaking of par- 
tisd acute destruction, cannot be detected. The reflexes are 
not abolished, for so long as healthy nerve cells remain, a path 
is still open for reflex impulses. 

(b) Negative symptoms, — ^The sensoiy functions of the 
s^ment are not interfered with. The motor, sensory, reflex, 
and other functions of all inferior segments are intact. 

In fig. 46 I have diagrammatically represented the effects of 
slow destruction of the motor nerve cells of the anterior comu. 

Slow destruction of the multipolar nerve cells of the 
anterior comu occurs as a primary system disease (the morbid 
process commencing in, and being confined to, the anterior 
comu), and then constitutes the affection which is termed pro- 
grtssive muscular atrophy. The same morbid process also 
affects the motor nerve nuclei of the medulla, and constitutes 
the anatomical substratum of the affection called glosso-labial 
or bulbar paralysis. 

Chronic destruction of the multipolar nerve cells of the 
anterior horn is occasionally met with as a secondary system 
lesion^ as in those cases in which a sclerosis of the postero- 
external column, or of the crossed pyramidal tract, extends 
to the anterior comu. In such cases the symptoms which I 
have just described as characteristic of slow destruction of 
tlie motor nerve cells of the anterior comu, are added to the 
symptoms of the original affection. 

§ 23. Sub-acute destruction of the multipolar nerve 
CELLS also occurs as a secondary system lesion. The original 
lesion is a sub-acute inflammation of the crossed pyramidal 
tract in the lateral column. After a short time the morbid 
process extends to the anterior cornu. The segments of the 
cervical enlargement are first and most affected. This condi- 
tion has been called by Professor Charcot, who was the first 
to direct attention to it, amyo-trophic lateral sclerosis. 
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§ 24. LESIONS OF THE CROSSED PYRAMIDAL TRACT IN THE 

LATERAL COLUMN. 

Lesions of the crossed pyramidal tract (see fig. 47) derange, 
interrupt, or destroy the conducting power of the nerve fibres 
of which it is composed. These fibres conduct to our segment, 
and to all the segments which are situated below it, voluntary 
motor and controlling reflex impulses. The exact nature 
of the symptoms, which result from a lesion of the crossed 
pyramidal tract in our segment, depends upon (a) the extent 
of the lesion, t.e., the number of nerve fibres which are afiected 
by it ; (h) the manner in which the lesion affects the nerve 
fibres ; and (e) the rapidity with which the morbid process is 
developed. 




Fio. 47. 
Tnui8T«rM soction of tho oonl showing a Bymmetrical lesion of the cromod 
pynunidal trmote. 8, 8' point to tho poeitiou of tho lesion in each lateral column. 

§ 25. Acute and complete destruction of t/ie crossed pyra^ 
midal tracts in the lateral columns produces the following 
symptoms : (a) PosUive, — 1. Immediate paralysis of the 
muscular areas of our segment, and of all the segments which 
are situated below it The loss of power is not total, for the 
muscular fibres supplied by the direct pyramidal tract of course 
escape. The paralysed muscles are at firet flaccid, they do not 
undergo rapid atrophy. There is ' no reaction of degeneration.' 
2. Increase of the reflexes passing through our segment, and 
through all the inferior segments supervenes, and corresponds 
to the development of secondary descending degeneration. 
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which of course occurs, (h) Negative symptoms. — The sensory 
functions of the cord are intact The bladder and rectum are 
not seriously affected. 

Acute destruction of the crossed pyramidal tract only occurs 
in ' indiscriminate ' lesions (myelitis, traumatic injuries, etc.). 
Other parts of the transverse section of the segment are usually 
implicated. The clinical picture is proportionately complicated. 

§ 26. Chronic d^ruction of the crossed pyramidal tracts. — 
Where the morbid process is chronic, the conducting pro- 
perties of the crossed pyramidal tract are gradually inter- 
rupted. Musciilar weakness, stifihess, and rigidity slowly 
develop : the reflexes are increased : sensibility is intact : the 
bladder and rectum are not affected. As the morbid process 
becomes more and more advanced, the muscular weakness 
and rigidity become greater. Towards the end the lesion may 
extend to the anterior comu. The rigidity then gives way: 
muscular atrophy develops : diminution, and finally abolition 
of the reflexes occur. 

In cerebro-spinal sclerosis, and in some cases of slow com- 
pression of the cord,a remarkable rhythmical tremor, which only 
occurs on voluntary movement, is observed. It is supposed to 
. be due to irregular transmission of nerve force through the 

V fibres of the pyramidal tract which are compressed by the lesion. 

Chronic destruction of the crossed pyramidal tract is 
occasionally though very rarely met with as a primary system 
lesion, and it constitutes the anatomical substratum of the 
affection which has been termed primary lateral sclerosis. The 
position of the lesion is shown in fig. 47, and in the chromo- 
lithograph, fig. 48. The section shown in the chromo-litho- 
graph was made from a portion of cord which Dr Dreschfeld 
of Manchester, was good enough to send me. The case is 
one of great interest, and is recorded by Dr Morgan and 
Dr Dreschfeld in the British Medical Journal for January 
1881. According to Professor Charcot, this is the only case 
in which post-mortem examination has demonstrated a lesion 
confined to the lateral columns, without participation of either 
the grey matter or the posterior columns. 

Chronic destruction of the crossed pyramidal tract fre- 
quently results from indiscriminate lesions (chronic myelitis, 
slow compression of the cord, cerebro-spinal sclerosis, etc.). 
In secondary descending degenerations the fibres of the crossed 
pyramidal tract are, of course, gradually destroyed. 
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§ 27. LESIONS OF THE POSTEHO-EXTERNA.L COLUMN. 

The poatero-extemal column is in great part composed of 
posterior root-fibres passing to tlie grey matter. These fibrea 
cany inwards impressions which result in the production of 
pain, touch, and relies movements (probably deep reflex move- 
ments, see page 25). The postero-extenial column probably 
also contains commissural fibres which connect the posterior 
cornua of different segments. Possibly, too, sensory conducting 
fibrea, after they have decussated, pass from the grey matter 
into the poatero-extemal column en route to the cerebrum. 

The most common lesion of the postero-extemal column is 
the primary system lesion which conatitutes the anatomical 
substratum of the affection which is called locomotor ataxia. 
(See fig. 49.) 

§ 28. The morbid hixtology of locomotor ataxia. — The morbid 
process aeems to commence in the nerve elements, and is pro- 
bably an extremely chronic inilammation. The nerve tubes 
are gradually destroyed. The fibrous tissue (neuroglia) is 
increased. 




The term ' sclerosis ' is usually given to this and to. all tliose 
which the connective tissue of the cord is increased. 
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The name is somewhat mislefiding, for it includes, at least, 
two distinct morbid conditions. In both forma of sclerosis 
the ultimate result is the destruction of the nerve elements, 
and the increase of the neurt^lia; hut in one (locomotor 
ataxia) the lesion commences in the nert'e elements ; in the 
other (disseminated sclerosis) in the neuroglia ; in the latter 
case the destruction of the nerve elements is a secondary pro- 
cess, the nerve tubes being, as it were, strangled by tie con- 
nective tissue growth which surrounds them. In locomotor 
ataxia numerous corpora amylacea are found ; in disseminated 
sclerosis the tissue is filled with compound 'granule corpuscles, 
the lymphatic sheaths of the Wood vessels are crowded with 
oil globules, and fatty (margarine f) crystals are sometimes 
to Ite seen in the sclerteed tissue. Compound granule cells 
are also found in locomotor ataxia, but they are, I think, 
mnch less numerous than in disseminated sclerosis. 

Tlie chromo-lithograph plates (figs. 50 to 54 inclusive) 
illustrate all the more important histological characters of 
the lesion in locomotor ataxia.' The bistoli^cal characters of 
the form of sclerosis which commences in the neun^lia are 
described on page 56. 

The postero-extemal column may also be afiected by chronic 
indiscriminate lesions, as, for example, cerebro-spinal sclerosis. 
Acute lesions of the postero-exteraal column are always in- 
discriminate (myelitis, traumatic injuries, etc,) 

§ 29. The sympliyms which result from, a chronic lesion of 
the postercheaUej-nal columns are : 

1. Lightuing-hke pains in the sensitive lK>dy area of the 
affected segment. These pains probably depend ujmn irritation 
of the posterior root-fibres in tlie post«ix»-e sternal column. 
They are highly characteristic of locomotor ataxia. 

'2. Loss of the deep retlexes. (See page 25.) 

3. Inco-ordi nation. — This symptom is probably due to 
several diR'erent causes : (a) to llio ilcningement in the reflex 
grouping of mii-sdea which tb« armst in ihu reflexes entails ; 
Qi) to t£e fact that the ' guiding wttaory senaationa ' which 
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I proceed from the periphery are arreated by the lesion ; (c) pro- 
' bably also iu part to deraDgement of the commissural connec- 
tions of diil'ereut segments which pass through the postero- 
external columns. 

4. More or less amesthesia and analgesia in tlie sensitive 
areas of the affected segments. 

5. Some derangement of the vesical and rectal mechanisms. 
(Often, but not always, present.) 

6. Tropliic distiiTbanoes iu the skin, such as herpetic and 
other eruptions. (Sometimes observed.) They probably de- 
pend upon implication of the central grey matter.* 

7. (Negative symptoms.) No paralysis ; no muscular 
atropliy ; no qualitative electrical alterations. 

Lesions of the postero-extemal column cut off the trophic 
influence of the posterior root ganglia, and are therefore 
followed by secondary ascending degeneration. 

Complications. — In chronic lesions of the postero-extemal 
column the posterior bom of grey matter is often affected. 
The morbid process occasionally extends to the anterior comu, 
or to the lateral column. Other symptoms then, of course, 
develop. 
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The great characteristic of an ' indiBcriminate ' lesion is, as 
I have ^ready mentioned, that it is not, of necessity, limited 
to any particular physiological tract, but may affect any part 
of the transverse section, though it occasionally, but rarely, 
happens that an indiscriminate lesion may be limited to a 
definite physiological tract. In cerebro-spinal sclerosis, for 
example, a patch of sclerosis may chance to be limited to 
the postero-extemal columns. In co-ordination in the lower 
extremities, identical with the inco-ordination of locomotor 

> T)dB dOBcriptton does out ciiinpriso nil [he Bjmptciins of Iwoinotor Uiil>, 
but ciuly [hcae wliiiili reeult frcini llie \es\iia of tbe postero-exlemBl colooinB, i.t., 
the rpitml portion of the lesioD. Some of tbe moet chsnctai iatie sympUBM, »b. for 
ex>m|>le, tho e^s Bjmptoina, depend upoD deraDgcDient of the pnrli supplied bf 
cnuiml aerveB. The disekee is. In abort, ft csnbro-apiDal affeotian. Trophio 
kllfinlious in tho Iioiibi are «C0Mioii*lly met with. The oBseoua lenioas hivo not 
been referred to iu the loit, berRiioe the; do aot roBult from the lesion of Uia 
poatero-eiterDsl ciiluniiiB. Frofeasur ChftriMl, who flrat deecribed theui, thiuka 
they dtpend upon Impliolion of tlie motor nerve ctlla of the antrrior L-oma. Dr 
"Bsnard au^eeitB that lliej are caaanl by a levion of the medulla. 
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ataxia, might thus be produced. The diflTeiential diagnosis 
could only be made by observing the mode of development 
of the symptoms, the associated nerve derangements, and the 
general features of the case. 

The vertical extent of indiscriminate lesions is, as a rule, 
small ; indeed the morbid process may be limited to a single 
segment Many separate foci of disease may be scattered 
through the cord, but such cases do not constitute exceptions 
to the general rule, for the vertical extent of individual patches 
is usually smalL 

Indiscriminate lesions have no marked tendency to invade 
symmetrical parts of the two lateral halves of the transverse 
section. In some cases they are unilateral 

The indiscriminate lesions which are primarily nervous are 
either acute or chronic. Myelitis is the best example of the 
former; disseminated cerebro-spinal sclerosis is a good ex- 
ample of the latter. Other indiscriminate lesions are simple 
(non-inflanmiatory) softening; haemorrhage into the substance 
of the cord ; and new formations in the substance of the cord 
(iTi^ra-medullary tumours). 

§ 31. The morbid anatomy of acute myelitis. — ^Three stages 
are usually described. The first is that of congestion or stasis. 
The affected portion of cord is seen on section to be red and 
hypersemic. It swells up above the level of the adjacent 
healthy tissue, and is somewhat softer than natural On micro- 
scopical examination the vessels are found to be distended 
with blood. The lymphatic sheaths are in places crowded with 
leucocytes. Capillary haemorrhages are sometimes present 
The axis cylinders and nerve cells are, even in the early 
stages, hypertrophied (see figs. 55 and 56). The connective 
tissue elements are conmiencing to proliferate, the stellate 
corpuscles (Deitera' cells) are unusuaUy prominent In the 
softened parts the nerve elements are breaking down, com- 
pound granule corpuscles and oil globules are seen. 

In hardened specimens a glassy, colloid-like exudation, is 
frequently met with. It surroimds the blood vessels and 
infiltrates the tissues. The nerve cells of the anterior comu are 
often greatly swollen and distended by this finely-granular, 
glistening material Small, round masses of the same material 
are sometimes seen in the interior of the blood vessels. This 
glassy swelling of the nerve cells must be carefully dis- 
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tinguislied from the inflammatory hypertrophy which Charcot 
has deacribed. In the true inflammatory swelling the enlarged 
nerve cells stain deeply with carmine. In the glassy swelling 
the swollen cells are unaffected by that re-agent Osmic 
acid stains the hyaline material a deep blue black; methyl 
anihne a rose pink colour. In true hypertrophy the enlarged 
cells are unaffected by these rei^nta. The exact siguifi- 
caace of this hyaline change ia doubtful, but so far as I can 
form a judgment, it occurs in the great majority of cases of 
myelitis, botli acute and chronic. Some good observers think 
that it results from the mode of preparation, and that it is 
due to the action of spirit I have not been able to satisfy 
myself that it is an artificial product The condition seems 
to be identical with that which was described by Professor 
Eutherford and Dr Batty Tuke under the term 'miliary sclerosis' 

In the second stage, that of exudation and softenivg, the 
redness and hyperemia have in great part or entirely disap- 
peared, the softening is much more marked ; the affected 
parts may be completely disorganised and liquified. Under the 
microscope the ner\'e elements are seen to be broken down : 
compound granule cells and oil globules are abundant 

In the third stage, that of absorption and cicatrisation, the 
softened material is gradually removed. The affected portions 
contract and become sclerosed. On microscopical examina- 
tion, the compound granular corpuscles and oil globules have 
in great part disappeared : the connective tissue traheculEe are 
thickened: the connective tissue cells are large and prominent: 
the blood vessels in the affected part are sometimes enormously 
dilated and their walls hypertropbied. Occasionally after the 
absorption of the softened tissue, a cyst remains. 

In mh-aaite and chronic myelitis the softening is much 
less than in the acute variety. The sclerotic changes are 
greater. The hypertrophy of the axis cylinders is usuaUy well 
marked. These appearances are well shown in fig. 61, which 
repi^esents a transverse section through the white matter of 
the curd, in an unpubhshed case of compression-myelitis. 

§ 32. Simple {non-infiammaiory) softening. — This condi- 
tion probably depends in the great majority of cases upon 
defective blood supply. Any aJteration of the walls, which 
narrows the vascular canal, will tend to produce it. In some 
cases plugging (embolism or throvthosis) of the vessels going 
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to the softened part can be demonstrated. But such cases 
constitute only a small proportion of the whole. 

Erb states that simple (non-inflammatory) softening occa- 
sionally results from slow compression of the cord. 

The microscopical examination of the softened parts is the 
only means by which we can distinguish simple softening 
from the inflammatory variety. Professor Erb gives the 
following concise account of the microscopic appearances in 
the two conditions : 

* Whenever we find a large number of cells containing fat 
granules, tensely distended blood-vessels, numerous young 
cells, increase of the interstitial tissue, swollen axis-cylinders, 
etc., we are justified in assuming positively the inflammatory 
character of the process. On the other hand, when these cha- 
racteristics are wanting, and we only find simply swollen and 
disintegrated nerve-fibres, ganglion-cells in a state of glassy 
swelling, a few cellular elements and fat-granule cells, and a 
small quantity of fatty detritus, we must diagnose a simple 
softening. Further and searching investigations on this point 
are, however, very much to be desired.* ^ 

The softening is usually situated in the lumbar region of 
the cord, and is due, as Pr Moxon has so ably shown, to 
the peculiar manner in which the lower end of the cord 
receives its blood supply. Dr Moxon's explanation is so im- 
portant, that I make no apology for quoting it in full : — 

* Here I muBt take the liberty of drawing your attention to some 
very well-known anatomical points by which the curious fact that 
only the legs suffer in the caisson disease is, I think, qnite clearly 
explained. I need scarcely remind you that whilst the spinal canal 
extends down into the sacrum, the spinal cord does not extend below 
the lower border of the iirst lumbar yertebra ; but the spinal cord 
gives off nerves all the way down on each side, and the spinal canal on 
its part is pierced on each side with a series of openings all the way 
down, even to the lowest part of it, at pretty even intervals, the open- 
ings serving to let out the nerves that arise from the cord. The con- 
sequence of this arrangement is of course that the distance between 
the place of origin of the nerves of the cord, and their place of exit 
from the canal is short, as to the upper nerves, but increases much as 
to the lower nerves, so that the nerves run nearly horizontally to the 
neck and upper limbs, whereas to the loins and legs they run a Jong 
way down before reaching the dura mater, extending indeed for many 
inches, and forming a bunch of long, loose threads, something like a 
horse's tail, and known as the cauda equina. Now, the spinal cord is 
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flnepcnded within the spinal canal in aDbftrachnoid fluid, whicb entirelj 
inBulHteB it. And meantime surrounded by thia liquid. Bud insulated 
bj it, the spinal cord itself is out of resch of nny blood-auppi; except 
such M can come to it from the bmiii above or else bIddk the inrve- 
roota Bt the lidei. And in fact the supplj of this important part be- 
comes, if I may so spoak, one of Nature's difficulties. Let ub see how 
the difficulty la met. 'I'bc blood-supplj to (he spinal cord is carried 
out by slender veBscIa wliich come from the vertebral arteries nithin 
the cranium. There are three of these arteries— one on the front nnd 
two on the back of the cord ; they are very slender, and yet have to 
run along its whole length. No arterieH bo small as these run bo great 
a length elsewhere in the body, and pressure falls rapidly in minute 
arteries sa the len)^h of pipe increaaea, ao that it beconies neceatary to 
reinforce these slender veaaeU wherever possible ; and advaiitatie is 
takpn of tlte nerve-roots to send up little reinforcing arteries along 
these. In the part of the cord corresponding to the neck, upper 
extremities, and triuik, where the neive-rootB are abort, the reinforcing 
arteries are also short, and they reach ancl join and furnish blood to 
the spinal arteries — so that in this part of the cord pvery segn'^nt of it 
is supplied with blood from two directions, the anterior apinal artery 
bringing blood from above and the reinforcing artery from below. Hut 
when yon approach the tip of tlie cord the eujiply from below becomes 
exceedingly precarious, and even apt to fail entirely, because upon the 
long strands of the cauda equina the small arteries are too narrow and 
too long to reinforce the cord with any certainty. But, at the same 
time, the supply from above has to be fumisLed with greater difficulty 
than in the upper regions of the cord, because the original anterior 
spinal artery is very far away, and the reinforcing arteries even in the 
lumbar region have to run conaiderably longer courses than tbey had 
in the cervical region. 

Thus the tip of the cord has ita blood-supply only from above, and 
deficiently even there, whilst the upper parts of the cord have a better 
sustained supply both from above and below ; and this becomes 
especially the case upon the cauda equina itself, for here the arteries 
are exceedingly minute and uncertain in size on the several nerves. 
Hence we see that the tip of the spinal cord corresponding to the lower 
limbs and sphincters is much more weakly organised as to its circula- 
tion than are the upper parts of the cord.' ' 

§ 33. Tlie morbid hi-fitology of cerebro-^TuU scleral. — In 
tliis rare condition, wliich has been so ably described by 
Charcot, nodules or patches of degeneration (sL'lcrosis) are 
Bcattered througli the nerve centres (the brain, pons, medulla, 
cerebetlum, and spinal cord), and are sometimes seen on the 
peripheral nerves. The nodules have a grey translucent ap- 
pearance ; on exposure to air they become pink in colour. 
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In the spinal cord the nodules present the greatest differ- 
ences in distribution at different levels. Por the most part, 
they are confined to the wliite columns, but they may involve 
the grey matter, They are usually ' indiscriminate ; ' but in 
Bome sections they are symmetrical; in others they very closely 
resemble secondary degenerations. 

On mieroscopi-eal examinatvyn the advanced patehes are seen 
to be composed of wavy bundles of connective tissue, in which 
are embedded numerous compound granule corpuscles, and in 
some places crystals, which Frommann' thinks are composed of 
margarine. In the fully developed patehes the nerve elements 
have entirely disappeared; the blood vessels are dilated, their 
walls may be thickened, numerous fatty globules and com- 
pound granule cells are seen adhering to their outer coats. 

In the less advanced patches, and at the junction of the 
lesion with the healthy tissue, the connective tissue trabeculie 
are increased, the connective tissue corpuscles (Deiters' cells) 
are large and prominent ; the nerve tubes are being gradually 
surrounded by the connective tissue growth ; their asis-cylin- 
der processes are here and there hypertrophied. 

As the lesion advances, the nerve tubes become destroyed; 
but even in the midst of the sclerotic tissue, axis-cylinders 
can often still be seen. 

The following figures (57 to 70 inclusive) show the 
appearances of the cord lesion in a typical case, which I 
had under observation for several years. 

The patient, a chemical worker, Eet 28, ■wna admitted to the New- 
castle-on-'JVne Infirmary, under mj care, on September 10th, 1874, com. 
plaining of, difficulty ia walking, loss of power in the lower citreinitieB, 
pain in tbe back, and ^ddiness. 

His illness had conimeni.'ed six years previously, and was apparenlly 
due to a severe blow on'the back of the head. He had been a very 
heavy drinker. 

lie was a very large muscular man. There was do apparent loss of 
motor power. His movements were decidedly unsteady: the inco- 
ordination was, however, quite different from the in co-ordination of 
locomotor ataxia : it was, so to speak, of a ' coarser ' kind, and involved 
the niUBclcB of the trunk rather thati the musclea of the lower extre- 
mities. In walking, the neck was held stiff, the head turned slightly to 
one aide, and the eyes rained from the ground On close observation, 
a fine jerking, rhythmical movement of the head could be observed. 
There was also occasional nystagmus. 
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Fio. 61. 
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Hie memory was defective ; he was very irritable and easily excited. 
He complained every now and again of double vision, but nothing ab- 
normal could be detected in connection with the mUBclee of the eyeball, 
or with the fundus. 

The apeech had undergone a marked alteration during the past mx 
mouthe; and at the time ofhisadmigsiou, was thick and drawling. Pain 
in the back was at thia time a promioent symptom; it was referred to 
the lower dorsal region, and the patient comploiued of teudernesa on 
percuMrion over the Hame part. 

There were (at that time) no other positive symptoms worthy of note. 

On December 3d, 1874, he was discharged in atatii quo. 

From the time of bis discharge until the date of his death, which 
took place in January 1881, I had frequent opportunities of visiting 
faitii in conjunction with my friend Dr Crease of South Shields, The 
progreBE of the case was steadily from bad to worse. The symptoms 
became highly characteristic, and conRrnied in every particular the 
classical description which Professor Charcot has given us of the 
disease. My apace will not, however, permit me to detail them now. 

§ 34. IiUra-mediUlary h/Bmorrkage. — This condition is 
rare. Its great causes seem to be disease of the vascular 
walla and increased blood pressure. It occasionally occurs 
in myelitis. Blood is sometimes estravasated from newly- 
formed vessels in tlie substance of a soft (gliomatous) tumour. 

§ 35. Intra-mcdtUlari/ tumours. — Tumours arising within 
the cord itself are extremely rare. The forms met with are 
gliomata, sarcomata, tubercular, and syphilitic growths. Intra- 
medullary tumours are usually of small size. As the tumour 
grows, it compresses the cord, and generally produces more or 
less myelitis in it^ neighbourhood. Hfemorrhage may, as I 
have just remarked, result from rupture of the blood vessels 
in the tumour. 

I 36. The symptoms prodvctd h/ indiscriminate lesions. 

The effects (symptoms) of an indiscriminate lesion vary 
with the extent and position of the lesion in the tmns- 
verse section, and to some extent with the nature of the mor- 
bid process. Myelitis produces destruction rather than irri- 
tation of the affected parts. The inflammatory process may 
involve ; (a) the whole transverse section of the segment; or 
(b) it may destroy one lateral half; (c) in other cases it aftecta 
portions, but not necessardy symmetrical portions of both 
halves; (d) in other cases again it involves a portion only 
of one lateral half. I will now describe the sjinptoma which 
result from some of these types. 
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f 37. TOTAL TRANSVERSE LESIONB. 

The symptoms which result from acute destrvdion of the 
•whole transvtrae section of our segment are diagrammatically 
represented in fig. 71. They are aa follows r — 

1. Paralysis of its muscular area and all the muscular 
areas which are situated below it. 

2. Bapid atrophy, the ' reaction of degeneration,' and com- 
plete absence of all reflex movements in the muscular area of 



the segment. 
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3. The trophic condition and electrical reactions of the 
muscles, supplied hy segments below the lesion, are normal. 
The reflexea passing through the inferior aegmeuts are exag- 
gerated. With the occurrence of secondary descending dege- 
neration, the paralysed muscles, supplied by inferior segments, 
become tense and rigid. 

4. The common and special sensibility (muscular sense) of 
the paralysed muscles is diminished or abolished. 

5. Complete ansesthesia of the sensitive area of our seg- 
ment, and of the sensitive areas of all the segments wliich are 
situated below it. 

6. A narrow band of hypersesthesia at the upper level of 
the lesion. This narrow band of hyperrosthesia is supposed to 
be due to irritation of the sensory nerve fibres at the upper 
level of the lesion, When the lesion is situated in the dorsal 
region of the cord, the band of hyperjBstheaia extends round 
the trunk in the form of a belt. The patient feels as if a 
tight band were drawn round his body. The term, 'girdle 
sensation,' lias been given to this symptom. 

Debowptiok Ot FlQ. 71. 

Diagi-amtmUic rrprtKnIalitm itftlierfftrtiofaiiaaiSetolallraiuwrttltAme/ 
tht Spinal Card. 

1. The Begmcot whicli Is doMroyed by tho lesion ; TI. A apgrnent oF tba Cord 
bplaw the lenioD t B.the right.SDd B' tholerCcsrebnl heims|iheniB; l,l,l,mntor 
ccnlreB in the right oorebral hemlsplicra from which the motor tract prooeeds to the 
muscles Muid Mioothalaft ndeof thebodf — For the uke uf clearnew, the direet 
])}T*inld&I Iracte htve b«ea omitlsd — i,i, 2,niotor eHDtrea in the left cerebral heiiii«- 
pberts from which tho motor tract proceed a tothcmmcleBMlandH'on the right sids 
of the bodj; S, S, 3, seniory centreB in Ihe right cerebre) heroidphera to which the 
tenaory tract procoodB (rum B.T,BadS',Titlia Mnaory areas ol the left aideof tlie 
body; 4, 4, 4, senBory ceutrea in the left cerebral bsmiBphere to wbich the leiiBory 
tract proceeds from 8 ', T ' aDd B'. T', the BsDiiory urcSB ol the right side of the body. 
Motor impulses pasHiug dowtiwarda through t aud 3 nrs arrrstod at lbs Beat of 
the lesion. The muecloB M Had M' suppUod hy the diwaxed Begmeul are in > 
state of acute slrophy. The musoleB U' and U* sappliod by segmoDt II. retain 
llioir normal bulk. Roflei Impnlses cannot pan through the diseiucd segmenL 
Benei Impulaea passiug Ihrongh scgmeut II. are eiaggoraled, (or tho reflex aro 
is perfeet, aud tho lateral coIornDs above this segmeot are degenerated. Sousnry 
impressioiiB pBBsiug (rum all the psrls below the leaion am arrealed in the diaeoBed 
augment. Secondary descending dpgent^ratioD o( the crossed and direct p)-ramida] 
traetB below tbe lesion, is indicated hy the dolled lines and is shown In segrnent IL 
Secondary ascending d^vnermtinn shove the lesion Is fudicalfld by the dotted 
OontinuatioDi of tho sensory tracts and ia shown at a, a in fig. A. 

Vote ta FlgB. 71 ud 7S. 

In these flgnras a total sensory dBcussatloo ia the cord is shown. As regard* 
tU* pcdut soe page iS. 
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Where the lesion involves the Inmbar or cervical seg- 
ments, the band of hyera^sthesia is not circular, but is dis- 
tributed more or leaa longitudinally over tlie Umbs in 
accordance with the particular segment which happens to be 
affected. The distribution of the hyperEEstliesia, in such cases, 
will be readily understood, by referring to the senaory func- 
tions of individual aegmenta (see page 137). In fig. 72 I have 
diflgrammaticaUy represented the alon symptoms which result 
from a total transverse lesion. 




Diayrammalic Tepnmlalifi of Vie rlin jjiuyitunn in a Inlal Iramrfrit lesioH of Ike 

dormi porlioH afOt Spinal Card. 

Tbe harizoulal aLviiug Bigcifiea ■unBthesift ot tlia akin ; tbs doltsd sbadiug 

hypermtbeBlm ; b, h;porwetLetic ions ■! tin upper tevnl of tbe kaioui b, b', 

auBilbstic belli w tbs IcsJod. 

7. Tliere is vaso-motor paralysis below the lesion. Second- 
ary descending degeneration of the pyramidal tracts (crossed 
and direct) below the lesion, and secondary ascending de- 
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generation of the poatero-int«mal columns above the lesion 
are gradually establialied. 

8. Trophic disturbances in the akin of the sensitive area 
of the segment sometimes occur. 

9. The functions of the bladder and rectum are often 
seriously deranged. The exact character of the vesical and 
rectal derangement depends upon the segment which happens 
to be affected. U the lower pMtion of the cord, in which the 
vesical and rectal reflex centres are situated, is destroyed, 
paralysis of the sphincters, ammoniacal urine, cystitis, etc., 
are developed. The urinary disturbances will afterwards be 
more minutely considered (see page 117). 

WLere the lesion is above the lumbar region, especially 
when the upper dorsal or cervical segments are involved, 
priapism may occur. This condition is probably due to irrita- 
tion of ' excitor ' fibres which pass from the cerebrum to the 
sexual reflex centre. 

Lesions of the upper cervical region are sometimes attended 
with hyper-pyrexia. 

The, sT/mptoms of a chronic transBerse lesion will be referred 
to in speaking of the effect of slow compression of tlie cord 
(see page 67). 

I 38. UNILATERAL LESIONS. 
The more important symptoms which follow acute de- 
struction of one Jialf of our segment are diagrammatically 
represented in fig. 73. They are as follows : — 

1. Paralysis of the muscular area supplied by the anterior 
root arising from the afl'ected half segment ; and of all the 
muscular areas on the same side of the body which are 
situated below it. 

2. The paralysed muscles supplied by the affected half 
segment are flaccid ; they undergo rapid atrophy, and pre- 
sent the ' reaction of degeneration.' 

3. The paralysed muscles supplied by half segments below 
the lesion do not undergo rapid atrophy. With the occur- 
rence of secondary descending defeneration they become 
tense and rigid. 

4. Theoretically we should expect to find the reflexes 
passing through the affected half segment, abolished ; and the 
reflexes, passing through the inferior half segments on the same 
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side of the body, increased. But the exact condiUon of the 
reflexes iii unilateral lesions has not yet been sulGciently 
investigated to allow any very positive statement to be made. 

5. The common and special sensibility (muscular sense) of 
the paralysed muscles is diminished or abolished. 

6. There ia vaso-motor paralysis below the lesion on the 
same side. 

7. AniEstheaia of the sensitive area of our segment The 
anseathesia is bilateral; for the sensory lihrefl, which enter by 
the posterior nerve root of the atlected side, are 'cut' before their 
decussation, and the sensory fibres, which enter the segment 
by the posterior root of the opposite side, are ' cut' after tliey 
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have decussated. Wlien the lesion is situated in the dorsal 
ix^ion the band of aniesthesia is circular {see Hg. 74) ; where 
the cervical or lumbar segments are involved, it ia, for the 
reasons already given in speaking of total transverse lesions, 
more or less longitudinal 

8. Anaesthesia of the sensitive areas of all inferior half 
segments on the opposite side of the body. 

9. Hypersesthesia of the sensitive areas of all inferior 
Hegmenta on the same side of the body. The exact cause of 
the liyperiEsthesia is not known, 

10. A narrow band of hypera;atheaia corresponding to the 
npper level of the lesion on the same side of the body is usually 
described. It is supposed to be caused by irritation of the sen- 
sory fibres which enter the cord at the upper level of the lesion. 
The band of hyperajsthesia is circularwhen the lesion is situated 
in the dorsal region (see tig. 74); where the cervical or lumbar 
segments are involved, it is, for the reasons given in speaking 
of total transverse lesions, more or less longitudinal 
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I. A Mgmeiit of the Bpinnl cord, ()te rigUt half of which In destroyed by Ilia 
leeiou; II. aieiitmBnt of Iheapiiialcord batow the IbbIoq; I motor tract proceeding 
troDi the right hemiiipliere of tba hruu, B, to tlie iudbcIbp, U.and U', ou the left «do 
of tha bod; (for [he uke of cleu-neas the direut pyrsmlilki Iricte hiire been oiiiitt<>d); 
i, motor tract proceediug from the left hemlspheTe of the brain, B' to the muaclea 
H'and U'.oii the right Bids of the body ; 8, Ihe aeoaory tract proceodiug to the right 
hemiBphere of Ibe brxiii fruni S, T, aud fri'in 6>, T*, tbe Beaaitlve nreaa on Iho left 
ride of tliB body 1 4, the aonaorj tract proceeding to the left baniiephere of lliB brain 
from 8', T>, aud from b* 1", the (eniiitivo areaa on the right si.Ie of the body. 

Motor impulBes pauing from the left hemispltere o( the hraiu aloug 2 ara 
amialod at the sunt of Iho Itaion. There iB,lherofore, paralynia of tlie raiiecuUr 
areas, U' and M*. Tbo motor tract below 2' ia dugooeraled. The miucular area 
Ui ia acutely atropbiud. KcHci., impuUl^B passing from 8>, T> to U' are aboliihed. 
Tbe paralysed musirles M' below the lebioti are uot atrophied. Reflexee passiug 
from &■ BDd T' to U' are eiaggeratad, fur the reQei aro which pa«ses through 
segment 11. ia iulaci, aud the lateral column above Begnieut II. 1« degenerated ; Iha 
degeourallim of the motor tract bill ow 'i' is Indicated by adutted line, aud ia eaciu in 
segmeut It. 5aDBoryimpreMiuu>frc>m the sensitive areas, beluw the leBioii,«udoa 
the op]iodte Ride of tha body, h' T", are arrested at the seat of tlte lesioiu Seoaury 
Impreadons from S, T, aud S', T', tlie seusitive area of tbe affocled aegnieut on 
both sides of tlie body are alao ■ blocked ' by Ihe Uklon. Tbe luajn Benenry tract 
eediug to thu right hemisphere of tbe braiu ia degenerated above the lealun as 
;. A. The arrovrs indicate the coarse of the i 
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The character and distribution of the sensory disturbance 
in a unilateral lesion are well shown in fig. 74, which is copied 
from Erb. 




W 



Dlagnmmnlic rtpratnlalitM o/tlu ilia tgrnptomi in on mikltral leriim oj On iortai 
portiBtt a/lht Spinal Coni <m Uu left uJe. (After Eri). 
The diagonal sfaadiDg iiigDifles motor and vogo-molar parBlyaia ; tbe TSiiical 
BbKdlng BiguilieH auuBllKUia oF llie skiii; the ilotW sLadiiig iodicale* hypersa- 
theala oi the akin ; a, Iwiid at hypeneatlieni nn tbe Isft side cI the body at tlie 
upper level o[ the leaiun ; b, band of uiBetheBiB on the loft Bide n( tbe body oorrO' 
apondlng to the vertical eitent a[ tbaloaioB ; a, bypeneatheait beluw the level of 
the lesion ; d, aDnethcaia, In the parta below the level of Ibe lesion on the oppoaita 
(right) ndo of the body. 

11. Derangements of the vesical and rectal reflexes may 
occur. Trophic disturbances in the skin of the sensitive area 
of the aCTectfd half segment will occasionally be observed. 
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Secondary descending degeneration of the pyramidal 
tracts (crossed and direct) on the same side below the lesion, 
and secondary ascending degeneration of the postero-intemal 
column on tlie name side above the lesion, will of course follow. 

The fibres of the posterior root which enter the affected 
half segment and their upward prolongations in the opposite 
postero-internal column will also degenerate ; but the fibrea, 
entering by any one posterior root, form such a small pro- 
portion of the whole sensory tract tliat this ascending de- 
generation on the opposite side to the lesion is not perceptible. 

§ 39. Partial (non-bystem) lesions op one oh both 
HALVES OF tue SEGMENT. — In cases of partial destruction, the 
Bymptoma, of course, vary with the part of the transverse sec- 
tionwhich happens to be affected. After the full details already 
given as to the effects of lesions of the different tracts, it is 
unnecessary to indicate aU the possible effects of indiscriminate 
lesions of this description, I should however say that there 
is a well marked type of myelitis, in which the inflammatory 
process affects the central grey matter, which must not be 
confounded with the system disease (acute inflammation o£ 
the anterior horn of grey matter). In ainde central myditig 
the anterior horns are, it is true, usually involved, — and this 
seems to be particularly the case where the lesion affects the 
lumbar enlargement, — but the central grey matter and the 
posterior comua are affected too. There are, in consequence, 
well marked sensory disturbances. The bladder and rectum 
are usually profouniiy affected, for the lesion generally involves 
the segments tlirough which the vesical and rectal reflexes pass. 
There is often some trophic alteration in the skin to which the 
posterior nerve roots of the affected segments are distributed. 

5 40. EXTRA-MEDULLARY LESIONS. 

I have now fully described the symptoms which result 
from lesions of the different parts of our spinal segment 
So far, I have been speaking of the cases in which the 
morbid process originated in the cord itself. I shall next 
consider the second great group of cases, viz,, those in which 
the lesion commences outside the spiual cord, and in which 
the derangement of the cord is a secondary, and, as it were, 
an accidental process. 
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The chief affections comprised in this group are : (a) spinal 
meningitis; (b) Pott's disease of the vertebrse; (c) tumours 
in the spinal canal springing fix)m the bones, membranes, 
or nerve roots; {d) traumatic injuries, such as fractures or 
dislocations of the vertebrae, wounds of the spinal cord ; and 
(e) haemorrhage into the spinal canaL 

The clinical picture which these cases present is generally 
a complicated one, for it is composed partly of symptoms due 
to the primary morbid condition (the disease of the vertebrae, 
membranes, etc.), and partly of symptoms which result from 
derangement of the spinal functions. It is only by keeping 
in view this double composition, so to speak, of the symptoms, 
and by clearly understanding the manner in which these 
lesions affect the nervous structures, that it is possible to 
comprehend these cases intelligently. 

§ 41. The spinal symptoms which are m£t with in extra-- 
medullary lesions may be due to : (1) pressure upon the spinal 
cord ; (2) pressure upon the spinal nerve roots ; (3) extension 
of the primary morbid process (inflammation, for example, 
in the case of meningitis) to the spinal cord or nerve roots 
respectively.^ 

The symptoms which result from inflammation of the 
different parts of the spinal segment have been already so 
fully detailed, that I need add nothing to that description 
further than to say, that the inflammatory process may be 
either acute or chronic; that in some cases it involves the 
whole thickness of the cord, while, in others, it is the peri- 
pheral layer which is chiefly affected. I must, however, 
particularly direct your attention to the effects of compression 
of the cord, roots, and membranes. 

Speaking generally, the effects of pressure on nervous 
tissue vary with: — ^the function of the affected part; the severity 
of the pressure ; and the rapidity with which it is exercised. 
Bapid pressure usually produces acute destruction, or acute 
inflammation, quickly passing on to destruction of tissue. 



* The pain which results from irritation of the sensory nerve filaments in the 
periosteum and membranes is, of course, a nervous phenomenon, but it is usually 
the dirtct result of the primary morbid condition (disease of the bones, membranes, 
etc.), and hence has not been included under the nervous symptoms which are due 
to extension of the morbid process, and to pressure. 
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Slow presaure is attended by gradual interruption of function, 
chronic iuli animation, or atropliy of the compressed part. 

I 42. RAPID COMPRESSION OF THE SPINAL COED, 

This condition usually results from fractures or dislocationB 
of the vertebrie. The efiecta of rapid compression of our 
eegment by a displaced vertebra would be immediate interrup- 
tion of its function, both as a conducting medium and a spinal 
centre. Acute iuflammatioD, rapidly passing into destruction 
of its tissue, would speedily follow. Tlie symptoms would, 
therefore, be those of an acute transverse myelitis. Death 
very generally follows. (See page 58.) 

But, in addition, the compression would probably also 

involve the nerve roots arising from the segment, and the 

adjacent portions of the membranes. Other symptoms 

might result from these conditions, to which I will presently 

I refer. 

5 43. SLOW COMPRESSION OF THE SPINAL CORD. 

This condition is commonly met with in practice. It 
may result from the pressure of diseased bones, inflammatory 
products, or thickened membranes, as in Pott's disease of the 
vertebras, and the various forms of meningitis ; or, it may be 
due to tlie pressure of cancerous or other tumours. 

Slow compression of our segment causes gradual inter- 

TUptton of its functions, both as a conducting medium and 

as a spinal centre. Motor conduction is first impaired ; 

I sensory conduction is affected later; chronic inflammation, 

I und slow destruction of the segment, gradually supervene ; 

lecondary ascending and descending degenerations follow. 

§ 44. The sjfm-pt&ma, therefore, which result from slow com,' 
pressiim of the cord itself are : 

1. Motor weakness in the muscular area of the compressed 
eegment, and of all segmenta which are situated below it. Aa 
the compression increases, the muscular weakness becomes 
greater, and complete paralysis may be finally developed. As 
a matter of experience, we know that tlie motor weakness 
is more marked in the muscular areas of the compressed 
segment and of the segments which are situated immediately 
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belovit, tbaD in the muscular areas of s^ments far removed 
from the seat of lesion. Where, for example, the cervical 
enlargement is compreased, aa in cases of hypertrophic cervical 
pachy-meningitis (see fig. 75), the loaa of power is much more 
marked in the upper than in the lower extremities. The 
explanation is supposed to be that the motor fibres which are 
about to leave the cord are more superficially placed, and 
hence are more seriously affected by the pressure than those 
destined for distant segments. 




Fio. 7B. 

Tnnuvene itcUiM of li< cervical eilargmieat of the •^sal. Cord in a com o_f 

i;gterircpliic cenical packg-matinigUii. (,Afttr Jajfrvy). 

A, Hypertrophied dun mater. B, Nervfl roots traverslDg the thickened 

menJi^B. C, Pi& mater confoiuded irith the dura mater. £, Section of two 

cuiale nsvly excavated io the grey sabstanco. 

The nutrition of the weakened or paralysed muscles is not 
much affected ; ' there is no reaction of degeneration ; increase 
of the reflexes below the seat of the compression occurs ; the 
legs are often r^id; in short the condition of spastic paraplegia 
is present 

2. Anaesthesia of the sensitive areas of the compressed 
segment and of the segments wliich are inferior to it. Aa I 
have previously remarked, the anaisthesia is developed later 
than the paralysis. 

3. As the segment becomes more and more compreased, 
its tissues become disorganised, and chronic inflammatory 
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Changes are developed. Its muscular area becomes atrophied, 
and its reflexes aT'e gradually abolished. 

Secondary ascending and descending degeneratinna follow. 

But, in additicsn to the symptoms which result fiom com- 
pression of the cord itself, others due to pressure ou the ner\'6 
roots, and the associated affections of the spinal membranes 
are almost always pi-esent Tliese symptoms are of great 
diagnostic value, and it is important to remember that they 
are usually developed before the symptoms, which result from 
the compression of the cord itself, have become prominent. 

The symptoms which result from compression of the nerve 
roots are as follows : — 

§ 45. Pressure on the posterior nerve, roots of our segment 
will interrupt the passage of peripheral impressions from 
the region of the body to which the fibres of those roots 
are distributed; and will therefore cause aniesthesia in the 
sensitive area of the segment, and abolition of its reflex 
movements. 

Where the pressure is incomi)lete, and where irritation of 
the compressed fibres is produced — conditions which usually 
obtain in the early stages of the case — hypenesthesia, or a 
combined condition of hyperccsthesia and partial aniesthesia 
may be observed. 

Severe pressure may not only arrest conduction tlirough 
the posterior roots, but may also produce irritation of their 
component fibres. Now, irritation of a sensory nerve causes 
stimulation of the sensoiy perceptive cerebral centre to which 
it proceeds, and the impression thus generated is referred by 
the mind, in accordance with the law of ' eccentric projec- 
tion,' to that portion of the periphery to which the termina- 
tions of tlie irritated nerve are distributed; in other words, 
to that part of the body from which the sensory impres- 
sions which normally pass through the affected nerve pro- 
ceed. Hence it is, that compression of the posterior roots 
of our segment may not only cause aniesthesia of its sensitive 
area, but may also produce painful sensations in the anies- 
thetic parts. The pains are usually of a sharp shooting char- 
acter. This condition of combined anaisthesia and pain, to 
which the term ' anaesthesia dolorosa ' has been given, is of 
amsiderahk diagiiostic value, for it shows that the lesion is 
situated outside the grey inaiter of the spinal cord. Anaathesia 
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dolorosa may lesnlt from irritation of the posterior root-fibres 
in the postero-ertemal colnmn, and it is in fact frequently 
met witiii in locomotor ataxia ; or, it may be due to pressure 
on the posterior roots, or sensory nerve trunks. Hence its 
value as a localising symptom in the cases we are now 
considering. 

Irritation of the posterior roots may also produce reflex 
muscular contraction (spasms, etc), in the muscular area of 
the s^ment This is probably, in part at least, the cause of 
the jerkings, spasms, and contractures, which occur in cases 
of spinal meningitis. 

§ 46. Compression of the anterior roots of our s^ment 
produces diminution or total loss of motor power (paralysis) 
in its muscular area. Where the motor fibres are irritated, 
twitchings, spasms, and contractures may occur. This is 
another cause of the muscular spasms and contractures 
which are so characteristic of spinal meningitis. When 
the compression is sufficiently great to shut off the trophic 
influence of the multipolar nerve cells of the anterior comua» 
marked atrophy of the paralysed muscles is present. When 
the compression is quickly established the atrophy may be 
rapid, and the 'reaction of d^eneration' will then be observed. 
When the motor conduction is completely arrested, the re- 
flexes in the muscular area of the segment are abolished; in 
minor degrees of compression the reflexes may be retained. 

§ 47. The symptoms which result from pressure on the 
spinal membranes. — ^The spinal membranes, more particularly 
the dura and pia, are richly supplied with sensory nerves. 
Compression of the membranes is, therefore, in most cases 
attended with pain, which is referred to the region of the 
spinal column. Where the compressed membranes are in- 
flamed the pain is proportionately greater. The pain of 
meningitis is increased on movement of the spinal column. 
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METHOD OF CA8E-TAKISG — SUMMARY OF SYMPTOMS MET 

I WITH IN DISEASES OF THE SPINAL CORD— THE CLINICAL 

L EXAMINATION OF A CASE OF SPINAL CORD DISEASE — 

I GESEUAL PLAN OF THE DIAGNOSIS — GENERAL PLAN OF 

THE PROGNOSIS — GENERAL PLAN OF THE TREATMENT. 

I HAVE now described the leading facts in the pathology of 
the spinal segment, and have poiated out the alterations 
in function which result from lesions of its different parts. 
I will next sketch out the ' method of case-taking ' and the 
' plan of examination ' wlijch 1 am in the habit of following 
in the clinical investigation of cases of spinal cord disease; 
and this will afford a convenient opportunity for sununarising 
the symptoms which occur in this group of cases. 

§ 48. But first, allow me to insist upon the great importance 
of system and method in clinical examination. A methodical 
plan of case-taking greatly facilitates the examination of any 
organ, but it is especially important in the case of the spinal 
cord, the functions of which are so numerous and 80 compli- 
cated. Indeed, the difhculties which students esperience in 
investigating the affections of the spinal cord, at the bedside, 
are in great part due to the fact, that they enter upon the ex- 
amination of the case without any well-considered and definite 
plan of study. 

Various methods of 'case-taking' are in use, and all of 
them have some advant^es. I do not pretend to claim that 
the following plan is better than the rest, but 1 can at least 
say, that it is simple and systematic, and that I have found 
it work well in practice.' 
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S 49. METHOD OF CASE-TAKING. 

A. PRKTiTMTNABY FACTS:— Name— Age— Sex— Mairied or 
Single — Occupatioii — Fnll Foetal Addreaa — Date at Adnuanoa to 
HoepitaL 



BL OOMPIaAINTS :— (The Symptoma which bring the patient 
to oonaolt the phjeician). 

O. THE HISTOBT:— 

(L) Of the Ftesent ninees :^The exact date of its otMnmenee- 
ment. The exact mode of commencement. The supposed cause of the 
attack. The exact ehanuster of the symptoms; the order of theb 
appearance ; and the treatment which has been adopted, np to the time 
when the patient comes under obserration. (In acute cases take the 
temperature). 

(2.) The Health History prior to the commeuoeinent of 
the present attack :— Especially a history of disease or injury likely 

to be followed by disease of the spinal cord. The habits, mode of life, 

and general surroundings of the patient. 

(a.) The Family History :— Especially the occurrence of nerroua 
amongst near relatirea. 



D. THB PBBSENT CONDITION :— (The date at which the 
examination is made should be stated.) 

(L) The Physiognomy of the Case :— The description of any 
striking abnonnal ^pearancea. The facial expression. The attitude. 
Tbe gaik The general state of nutrition, etc 
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(2.) The Olinioal Bzamination of the Spinal Oord:— 
Motor Functions: The conditioQ of the muscles supplied by the 
difFerent spinal nerres (muscular areas of the different segments) with 
respect to : — 

1. Voluntary motor power. 

2. State of nutrition. 

8. Irritability. (Faradic, galyanic and mechanical.) 

4. Tonicity. 

5. Reflex moyements. (Superficial, deep, and organic.) 

6. Co-ordination and the muscular sense. 

Sensory Functions : The condition of the sensory areas of different 
segments, with respect to : — 

1. Subjectiye sensations : — (Pain, numbness, tingling, formication, 

heat, cold, etc) Their exact character and distribution, 

2. Objective sensations : — (Sensibility to touch, pain, and tempera- 

ture is to be tested separately.) 
T%e Vaso-motor and Trophic Condition of the Skin and Joints, 
The Condition of the Spinal Column : — ^Its conformation, the presence 
of irregularities or curvatures. The presence or absence of pain on 
percussion or movement of the vertebrie. (The hot sponge test. ) 

(8.) The Oondition of the other parts of the Nervous 
System. 

(4.) The Oondition of the Alimentary, Oiroulatory, 
Respiratory, Gtonito-urinary, and Inteff umentary Systems. 

B. THB DIAGNOSia 

F. THB PBOGNOSia 

G. THB TRBATMBNT:— Hygienic, dietetic, medicinal (general 
and local). 

H. THB ST7BSBQUBNT OOUBSB OF BVBNTS:— 
The progress of the case during the patient^s stay in hospital : The 
mode of termination : The date of termination : In fatal cases the re- 
cord of the post-mortem examination, and an account of the micro- 
scopical appearances of the spinal cord. 
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SUMMAEY OF THE CHIEF STMPTOAIS. 
PRELIMINARY FAOTa 

§ 50. Age. — Disease of the spinal cord may occur at any 
period of life, but some affections are much more common 
at one period than at another. 

Childhood, — Acute inflammation of the anterior comu 
(Polio-myelitis anterior acuta) is very common in children 
(the period of greatest frequency being between the ages of 
one and four) ; and is almost confined to early life. Fsendo- 
hypertrophic paralysis appears in the vast majority of cases 
during the first few years of life. Injlammatory ejections of 
the menibraneSf especially the tubercular form, are frequent. 
Amongst the rarer diseases of the cord, rejlex paraplegia is 
usually seen in young subjects. A peculiar form of spaMic 
paralysis^ 6i which I have seen several examples, occurs 
in young children, and appears to be congenital. A very rare, 
congenital form of locomotor ata^oda has been described by 
FriedreicL Disseminated sclerosis is occasionally met with. 

Youth and Early Advit Life. — Organic affections of the 
cord itself are not so frequent during youth as during the 
earlier and later periods of life. Compression of the cord, the 
result of Pott's disease of the vertebras, is most common at 
this period. Hysterical paraplegia, and * spinal irritation' 
occur in females. The functional derangements which have 
been classed under the term ' spinal nervous weakness* are met 
with amongst young males. Meningitis and myelitis are rela- 
tively common. Cerebrospinal sclerosis usually commences 
between the ages of twenty and thirty. 

Adult Life. — This is pre-eminently the age for the chronic 
organic affections of the cord. Locomotor ataxia occurs most 
frequently between the ages of twenty-five and forty-five. 
Progressive muscular atrophy is now relatively most common. 
Myelitis is also frequent. Meningitis not uncommon. Of the 
rarer affections, primary lateral sclerosis occurs between the 
ages of thirty and fifty ; amyotrophic lateral sclerosis between 
thirty and forty-five ; the very rare disease, acute ascending 
paralysis (Landry's paralysis), between twenty and forty; 
polio-myelitis anterior chronica between twenty and fifty. 
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§ 51. Sex. — Speaking generally, males suffer more fre- 
quently from diseases of the spinal cord than females. The 
greater liability of the male is partly due to the fact that he is 
more exposed to all sorts of injurious external inHuences, Buch 
as injuriea, cold, syphilis, etc. Fseudo-hypertrophie paralysu 
is much moi'e coinmon in boys than in girls, I,ocomator 
ataxia, and Pro^resgive mvscuktr atrophy, occur much mora 
frerjuently in men than in women. Hysterical paraplegia 
and 'spinal irritation' are practically confined to females. 
Functional derangements classed under the term 'spinal 
nervous ■weakness ' and rejtex paraplegia, are more common in 
males, The congenital form of locomotor ataxia seems to occur, 
at least, as frequently in girls aa In boys. 

§ 52. OccoPATios. — The occupation of the patient is not a 
factor of much importance in the production of cord diseases. 
There are, however, one or two notable exceptions to this 
general rule. Divers and others who work under very great 
atmospheric pressure are apt to suffer from paraplegia. Cer- 
tain forms of progressive imisctilar atrophy seem to occur in 
persona who follow particular trades, and to be due to the 
over-use and consequent exhaustion of certain musclea. Lead 
impregnation seems also to produce a general form of mus- 
cular atrophy. The ordinary form of lead paralysis {icmf 
drop) which occurs in persons who work in lead lb well-known. 
Those who are exposed to injurious external influences are 
more liable to BuHer from meningUis and myelitis than the 
well-protected. Pott's disease is most common in the ill-fed 
and badly-clothed. Hysterical paraplegia, and all forms of 
fui\ctional derangement are much more frequent amongst 
women who lead indolent and luxurious lives than amongst 
the labouring classes. 



! 63. OOMPLAIKTa 

Moat patients, who come to a physician, suffering from 
spinal cord disease, complain of some fonu of motor derange- 
ment (weakness, paralysis, unsteadiness of gait, stiffness, 
etc,). Patienta with commencing locomotor ataxia complain 
of rheumatism and neuralgia; or, they consult an oculist on 
account of diplopia, squint, dimness of vision, etc. In cases 
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of slow compression of the coi*d, and of chronic meningitis, 
pain in the back, or in the course of certain nerves, is 
usually the prominent symptom. In cases of myelitis^ 
difficulty in micturition may be the first symptom, but 
is usually soon associated with loss of voluntary motor 
power. In ' spinal irritation ' pain and tenderness over the 
spinal colunm is the chief complaint. Males sufifering 
from ' spinal eochattstion * often complain of ill-defined pains 
in the back and limbs, or of some derangement of the 
sexual functions (weakness, irritability, impotence, and the 
like.) 

THE HISTORY OF THE OASB. 

§ 54. History of the Present Illness. — By ascertaining the 
eanct date at which the illness commenced we at once deter- 
mine whether the case is oAMte or chronic, a fact which 
may be of considerable diagnostic value. Two patients, for 
example, present the symptoms of commencing progressive 
muscular atrophy, viz., atrophy of the interossei and thenar 
muscles. In the one case, the atrophy is of some duration, 
in the other, it only commenced a few weeks ago. The former 
is probably a typical case of progressive muscular atrophy ; 
the rapid progress of the latter is suggestive of local disease 
of the ulnar nerve, and should lead to the examination of the 
parts about the elbow. If again the atrophy had appeared 
years ago and had not advanced, the idea of progressive 
muscular atrophy would be negatived. 

Haemorrhage into the cord and some traumatic injuries, 
such as fractures, dislocations of the spine, or wounds of the 
cord, are attended with immediate symptoms. In cases of 
hysterical paraplegia the onset may occur suddc7ily and im- 
mediately after an hysterical fit. Acute myelitis may 
develop with great rapidity, but the onset is not instan- 
taneous, as it may be in haemorrhage. In otlier inflammatory 
cases, the onset is vuyre gradual. In slow compression of the 
cord, from whatever cause, the development is still Trior e tardy; 
while, in the clironic affections, such as progressive muscular 
atrophy, locomotor ataxia, primary lateral sclerosis, and dis- 
seminated sclerosis, the departure from health is, usually, very 
gradual, and the course extremely slow and chronic. Indeed, 
80 gradual is the onset in some of these cases, that the patient 
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ia unable to fix the date at which the firat eymptoma com- 
menced. 

Tile -nuxh of cavimeTicement of the attack, the character 
of the symptana, and the order in vikiiJt they were developed, 
sre often of great diagnoatic importance. Two patients, 
for example, present extreme atrophy and paralysis of the 
right arm. In the one case the paralysis appeared suddenly 
at the outset of the attack, and was quickly followed by mai-ked 
atrophy. Such a history (in the absence of wound or injury) 
would suggest polio-myelitis anterior acuta. In the second 
case the atrophy preceded the paralysis, the motor weakness 
increasing pari passu with the muscular wasting. Such a 
mode of commencement would indicate progressive muscular 
atrophy. So too in a case of spastic paraplegia in a female, 
the »vkden occurrence after a fit would point to the functional 
(hysterical) nature of the paralysis ; while the gi-adual onset 
without hysterical phenomena would be in favour of organic 
disease (transverse myebtis, etc.) 

If there is any alleged cause for the attack, its exact 
nature must be carefully inquired into. M'here external 
violence is said to be the cause, the degree and kind of 
violence, the exact part of the body which was injured, the 
exact character of the symptoms and appearances which 
followed the injury, and tlie subsequent local changes aud 
constitutional symptoms must all be carefully noted. It ia 
only by attention to these details that we can possibly deter- 
mine whether the alleged injury was adequate and likely to 
produce the symptoms from which the patient is suffering at 
tlie time of examination. You must, however, know that 
severe, and even fatal, cord disease sometimes results from 
concussion of the spine, such as is produced by a railway colli- 
sion, without any evidence of bruising or local injiuy. Careful 
attention to the points I have just mentioned, sometimes gives 
valuable information as to the severity of the injury, as in 
the following case : 

A iady WM sent^d in a Beeond-class railway carriage when a colli- 
aioii occurred. She wa« first thrown forw&rds. tlien baclcw&rdR, and id 
fftlling backwards the calf of the left leg caroe tu contact witli the 
ed^ of the Beat on which she whb silting when the accident occurred. 
Pain and tendcmesB on pressare were couiplaiaed of, and there was some 
swelling of the CHJf ; but for several ila;e after the accident no other 
local indication of a bruise was observed. At the end of teo days 
discoloration commenced, the leg from the knee to the ankle became 
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deeply ecchymosed. The discoloration continued for seyeral weeks; 
Now, the tardy appearance of the discoloration and its long continuance 
proved the seyerity of the injuir, for they showed that the extrayasation 
was extensiye and deep-seated, t.e., below the calf muscles; and such 
an extrayasation could only be produced in a healthy individual by yery 
considerable violence. 

The naturt of the treatment vp to the time when the patient 
eames under observation is in Bome cases of importance, for 
symptoms are often modified, and sometimes produced by 
treatment The fact that the patient has gone through a 
prolonged course of anti-syphilitic remedies without any bisne- 
ficial result would rather negative the idea of s}rphilis being 
the cause, and so would make the prognosis more serious. 
Again, in a case of motor weakness, in which stiffness and 
rigidity were prominent features, the fact that the patient had 
been taking strychnine, and that the stifihess and rigidity had 
appeared after its use, would be very suggestive of cause and 
effect, and would make the prognosis, as r^rds the stiffness 
and rigidity, at all events, more hopefuL 



§ 55. The History as to the State of Health before the com- 
mencement of the Present Illness, the Habits, Mode of Life, and 
general surroundings of the Patient are also very important. 
Syphilis undoubtedly is a cause of some cases of myelitis ; 
and the statistics of Erb, Gowers, and others, show that it 
plays an important part in the production of locomotor 
ataxia. 

The question as to syphilis being (he cause of locomotor ataxia is 
still under discussion. There is one form of proof which would, I 
think, be conclusiye should it be forthcoming. Women, in this country 
at least, seldom suffer from locomotor ataxia. Now, if syphilis is the 
cause of the affection, prostitutes who are so often syphilitic, ought to 
be affected with locomotor ataxia much more frequently than the 
general mass of the female population. Unless this fact is forth- 
coming, we cannot allow that syphilis is the sole cause, but must admit 
that there is some other condition in addition to the syphilis which 
renders males more liable to the affection (locomotor ataxia) than 
females. 

IHphtheria is the most common cause of paralysis of the 
palate, and it is sometimes followed by paralysis of muscles 
supplied by spinal nerves. Cerebrospinal meningitis occa- 
sionally results from an epidemic poison ; in cases of cerebro- 
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spinal meningitis, therefore, where there ia no ear disease 
or otlier ohviuus cause, a history of previous cases in the 
neighbourhood, or the prevalence of an epidemic, would 
be important. Plwmhism.. — It is well known tbat lead gives 
rise to various forms of nerve disease. A history, there- 
fore, of exposure to lead impregnation, or of previous symp- 
toms of lead poisoning, such as dry colic, wriat drop, etc., 
should carefully be inquired into in all cases of atrophic 
paralysis. Sexiial eaxess used to be considered an important 
cause of spinal cord disease. Inasmuch as it lowers the 
general tone of the system, and debilitates the spinal cord in 
particidar, sexual excess may he considered as a pi'edisposing 
cause of cord disease ; hut the evidence is, I think, as yet 
inconclusive, that any organic spinal affection Js produced 
^ by it. Typhoid fiver, small-pox, and the other acute infec- 
tious diseases are aonietimes followed by paraplegia ; in some 
cases, probably the majority, the spinal symptoms are func- 
tional, in others the paraplegia is due to myelitis, etc. Sxccea 
in alcohol would also appear to be an occasional cause of 
paraplegia. 

§ 56, Tha Family Hiatoiy. Many nervous affections are 
hereditary. It is very impoitant therefore to ascertain whether 
any of the patient's near relatives have suffered from symp- 
toms similar to those for which he comes under observation. 

Some spinal affections are eminently hereditary. Pseudo- 
hypertrophic paralysis is so in a large proportion of cases, and 
ia chiefly transmitted through the females. Progressive tnvs- 
I eular atrophy, too, is often hereditaiy. Occasionally, though 
L -very rarely, loamwtor ataxia runs in famihes ; Canfi, quoted 
[ by Erb,' saw eighteen cases of the disease iu oue family in 
I three generations. 

But in addition it is necessary to inquire whether there is 
any tendency to nervous disease in the family, for we frequently 
find the type of dLsen.se changing in different generations; 
the mother, for example, may be hysterical, the children 
epileptic, the grand-children idiotic, and so forth. 

The general hereditary tendencies of tlie patient are also 
important. In a case of slow compression of the coril, a 
strong family tendency to cancer, in the absence of evidence 
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as to the exact nature of the compressing eanse, would be 
suggestive of a malignant growth within the apinaJ canaL 
So, too, in a case of spinal meningitis, arising without any 
obviona cause, an hereditary tendency to scrofula would point 
to the tubercular character of the lesion. 



PRESENT CONDITION. 

[The date at which the eiaroination is made Bhould he stated, for 
in hoBpital practice the case ntay not be takeu for aome da^a after the 
patient's adiuisBiuD.] 

§ 57. The Phjaiogaomy of ths Oaae.' Wliile the prelimi- 
nary facta and previous history are being investigated, the 
physician is both consciously and unconsciously learning many 
important particulars as to the nature of the case. 

In some cases the physiognomy at once suggests the nature 
of the disease. I must, however, warn you against physio- 
gnomic diagnoses, for the physiognomy is seldom pathogno- 
monic. A patient, for example, presents the characteristic 
gait of locomotor ataxia, and you diagnose that condition. 
This is a method of reasoning which we are all, no doubt, going 
through daily, but it is not strictly accurate. The peculiar gait 
only shows that the patient is suffering from that form of 
in co-ordination which results from a lesion of the posterior 
columns. The further conclusion that the disease is loco- 
motor ataxia would, doubtless, in the vast majority of cases 
be correct, for, the sclerotic lesion of locomotor ataxia is by 
far the moat common lesion of the posterior columns. But 
the conclusion is not logical, and in a small pro|>ortion of cases 
would be quite erroneous, for, other lesions may chance to be 
limited to the posterior columns, and to be attended with the 
same form of inco-ordination. The conclusion which we coidd 
correctly draw in such a case would be, 'the posterior columns 
are affected, and the strong probability is, that the case is one 
of locomotor ataxia.' 

The physiognomy of the case is,however, always important, 
and in some cases of spinal cortl disease, the picture wliich 
the patient presents is a very striking one. 
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In acvie cases he is generally in bed. In memngiiis the 

' countenance usually exhibits evidence of suffering; the head 

may be retracted by spasm of tlie cervical muscles ; the lega 

drawn up; the patient avoids and dreads movement, for it 

increases the pain and spa.inL 

In the earlier stages of polio-myditis anterior acuta, 
there is usually considerable fever: the little patient may 
be flushed or slightly delirious; twitchings and tremors in 
the tendons of the wiist, and in the facial or other muscles 
are often observed ; ' the paralysed limbs lie flaccid and 
helpless. 

In hysttrkal parapkffia the patient is a female, and in 
most cases young. She is prolwibly confined to bed; the 
facial appearance is characterised by ' a remarkable depth 
and prominent fulness with more or less thickness of the 
upper lip, and by a peculiar drooping of the upper eyelid ' 
(I'odd). Tlie paralysed muscles are in some cases flaccid ; in 
others rigid, the legs extended, and the feet inverted ; they 
are not markedly atrophied, and the general state of nutrition 
is unaffected. 

In locomotor ataxia the patient is in the great majority of 
cases a male of from twenty-five to fifty years of age. A 
haggard expression of face is often noticeable, and is very 
suggestive of frequent and severe attacks of pain. Paralysis 
of one or other of the ocular muscles, or of the upper eyelid, 
is not uncommon, more particularly in the earlier stages. 
Later on, the pupils may be ' pin point.' The general state 
of nutrition is usually good ; the gait is very characteristic, 
though, as has been already mentioned, not absolutely patho- 
gnomonic ; the patient walks with two sticks ; he keeps his 
eyes fixed on Lis feet or on the ground in front of him; 
the steps are taken at regular intervale, slowly, and with 
deliberation, but the movements of the legs are irregiJar; 
the feet are jerked outwards, the heels brought suddenly to 
the ground with a stamp. In uncomplicated cases he walks 
in a straight line. There is no giddiness, the unsteadiness is, 
as Duchenne long ago pointed out, not due to the liead but to 
the legs. 

In spastic paraplegia, a condition which is common as the 
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result of a transverse myelitis, but very rare as a primary 
system disease (primary lateral sclerosis)^ the facial appear- 
ance is in no way altered : the general state of nutrition is 
good. In advanced cases the patient lies in bed, with the 
legs stiffly extended and adducted, the feet are usually in- 
verted. In the earlier stages the patient is able to walk 
about, and the gait is peculiar : he walks with two sticks : 
each step is attended with evident effort; the feet appear to be 
stuck to the ground, and can only be moved forward by raising 
the pelvis, and with it the limb as a whole. In this process 
the back is strongly arched, the chest thrown forward, the 
patient leans forcibly, first on one stick and then on the other, 
and appears to aid the elevation of the trunk by movements 
of his arms. The toes are dragged along the ground with an 
unpleasant scraping noise, the knees are apt to interlock, and 
the foot which is being brought forward tends to cross in front 
of its fellow. In some cases, after the foot leaves the ground, 
a peculiar hopping movement of the whole body is observed. 
It is due, according to Erb, to spasmodic contraction of the calf 
muscles. Another form of gait, which bears some resemblance 
to the * hopping ' gait of spastic paraplegia, is the so-called 

* high action,' or * equine ' gait. At each step the leg is raised 
high off the ground by flexion of the thigh or the abdomen. 
This form of gait is usually associated with paralysis of the 
muscle on the front of the leg, and is a voluntary effort to 

* dodge the paralysis,' i.e., to prevent the toes which hang 
down catching the ground. In other cases the high action is 
involuntary, and seems to be due to spasmodic action of the 
muscles which flex the thigh on the abdomen. 

In paraplegia unth Jlaccidity, the feet are trailed with diffi- 
culty one after the other. The knees do not interlock. There 
is not the marked arching of the back which is seen in the 
spjwtic form, and the foot which is being brought forward 
does not tend to cross the middle line. 

In progressive muscular atrophy the facial appearance is 
seldom altered. In the earlier stages the wasting of the 
muscles of the hand, and in some cases the ' bird claw ' ap- 
pearance of the fingers, at once attract attention. In advanced 
cases the wasted limbs hang helplessly by the sides, as if 
they were hung on to tlie trunk by strings. The lower limbs 
are seldom so profoundly atrophied as to prevent the patient 
getting about; but in advanced cases, they, like the arms. 
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aeera to hang loosely. When the lumbar muscles are affected, 
the back is arched, the belly protruded, but the gait is not 
' waddling,' as iu pseudo-hypertrophic panilysis. 

In pseitdo-kypertrophic paralysis the gait is patbognomoiiic. 
The patients are, iu the great majority of cases, boys. The 
back is strongly arched ; the cheat protruded ; the feet widely 
separated; the heels are usually drawn up and raised from 
the grouad, iu consequence of the cirrhotic contraction of 
the calf muscles; the anna are held doM'u, and slightly 
out from the sides, with the obji>ct of balaucing the body. 
The gait is 'waddling,' the body oscillates from side to 
side ; there is an evident diffieulty of flexing the thigh 
on the abdomen, aiid of projecting the foot forwards, for 
after the foot is raised, the movement in advance is smalL 
The calves, and possibly some of the otiier muscles, are large, 
and ajjparently hypertropliied. Some muscles are usually 
atrophied. 

In cerdM-o-xpinai sclenms the patient is generally between 
twenty and forty years of age. The countenance usually 
presents a stupid, vacant, stolid, expression ; the mouth may 
be half open; the speech is altered, the tone monotonous, 
the words drawled out in a scanning manner; nystagmus 
(oscillation of the eyeballs) occurs in a ceilaiu proportion of 
cases; the pupils are sometimes markedly contracted. In 
the earlier stages the gait is not much altered, but the ex- 
perienced observer can often, even then, detect characteristic 
alterations. In many cases the patient walks with the head 
erect or tunied slightly to one side, and perhaps drawn a little 
bock ; there is an evident effort to keep the neck stiff and 
the head steady. On close observation, slight jerking move- 
ments of the bead and neck can be perceived. In more 
advanced cases the gait ia extremely unsteady and irregular ; 
but in characteristic cases the inco-ordination is quite different 
from the gait of locomotor ataxia; it is, so to speak, of a 
coarser kind, and seems to iuvolve the muscles of the tnink 
rather than the muscles of the legs. The patient does not 
walk deliberately and in a straight line (as the subject of 
locomotor ataxia does), but ia apt to ahoot suddenly forwards 
or to one side ; the loss of control is sometimes so great, 
that he knocks up against surrounding objects. I have seen 
a patient in a small room fall violently against the opposite 
wall. 
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§ 68. THE CLINICAL EXAMINATION OF THE SPINAL 

CORD. 

As I have previously remarked, the essence of the clinical 
examination of the spinal cord consists in the separate and 
systematic examination of its individual segments. The 
motor, sensory, reflex, vaso-motor, and trophic functions of 
each segment should be investigated as accurately as our 
present knowledge will allow. 

I will now briefly describe the symptoms which are met 
with in diseases of the spinal cord, and will indicate the 
points to which attention is to be directed in the clinical 
examination of the case. 

§ 59. MOTOR DERANGEMENTS. 

The symptoms which result from derangement of the 
motor functions of the cord may be either in the direction 
of diminished or increased function. Paiulysis, paresis, and 
inco-ordination are examples of the former ; spasms, cramps, 
and rigidity, of the latter. 

§ 60. Paralysis. — Spinal paralysis is, in the great majority 
of cases, bilateral and limited to the muscles of the lower 
extremities; it is, then, termed paraplegia. The loss of motor 
power is not unfrequently greater on one side than on the 
other. The bilateral diameter of the paralysis is due to the 
facts: — that the motor tracts of the two sides of the body are in 
such close relation in the spinal cord, that acute indiscriminate 
lesions, such as myelitis, haemorrhage and traumatic injuries, 
can with difficulty affect one side without implicating the 
other ; and that the system lesions of the motor tract have a 
strong tendency to be bilateral.^ 

In rare cases the lesion is situated in or above the cervical 
enlargement ; the upper limbs are then involved ; and the 
condition is teiined cervical paraplegia. In exceptional cases 
the lower limbs escape while the upper limbs are paralysed. 



^ In polio-myelitis anterior acuta, the lesion is sometimes limited to one 
anterior horn, bnt even in that affection paraplegia is the rule. 
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Paraplegia may result from a total transverse lesion 
(myelitis, compression), from lesions which involve the 
pyramidal tracts on both sides of the cord (primary lateral 
sclerosis, etc.), tlie anterior cornua in correspoudiug half 
segments, the anterior root-fibrea or the anterior roots on both 
aides of the body. 

Occasionally a lesion of the cord is limited to one side, 
and produces one-aided paralysis (spinal hemiplegia or ^inal 
mtnioplei/ia). The loss of motor power is on tlie same side as 
the leaion. (See page 60). 

§ 61. ThepoiiUs to which atiention ts to be directed in the 
txanhiiuition of a case of spinal paralysis are : — 

1. The exact distribution of the paralysis, 

2. The amount (degree) of the paralysia 

3. The trophic condition of the paralysed muscles, 

4. The irritability (electrical and mechanical) of the 
paralysed muscles. 

5. The tonicity of the paralysed muscles. 

6. The condition of the rellexes. 

7. The condition of eo-oi-dination and of the muscular 



§ 62. The Exact Distribution of the Paralysis. — Tlie 
distribution of the paralysis can often be roughly deter- 
mined by obser\ing the attitude and gait of the patient. It is 
accurately ascertained by testing his capability of executing 
mnscukr movements ; by noting the movements which are 
wanting, or which are imperfectly performed, we can, provided 
' of courae we know the muscle concerned in the production 
of the movement, deteiinine the muscles which are at fault. 
The exact distribution of the paralysis gives important infor- 
mation as to the position of the lesion in the cord. The 
paralysis is, then, to some extent a localising symptom. 

I 63. The Motor Functions of Indimdual Sefftnenis. — In 
examining the condition of the motor functions of the spinal 
eord, it is important for scientific purposes, or where great 
accuracy in localisation and diagnosis is required, to examine 
the motor condition of individual segments by observing the 
* "ondition of the niusflea which they supply. 

Tiie motor functions of the different nerve roots (i.e., of 
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the different segments) of the cervical and lumbar enlarge- 
ments are, according to recent observations, as follows : — 

Functions of the nerve roots of the cervical enlargement (according to 
Professors Ferrier and Yeo, from observations made on monkeys). 

Fourth cervical — Flexion of the forearm, with supination and exten- 
sion of the wrist and fingers, the upper arm raised upwards and 
backwards. 

Fifth cervical — ^Movement of the hand towards the mouth, viz., 
raising the upper arm inwards, flexion of the forearm with supination, 
and extension of the wrist and fingers. 

Sixth cervical — The movement of * attention * viz., adduction and 
retraction ot the upper arm, extension of forearm, pronation and 
flexion of wrist, the palm of the hand being brought towards the 
pubes. 

Seventh cervical, — ^The scalptor ani action, viz., adduction and rotation 
inwards and retraction of the upper arm, extension of the forearm and 
flexion of wrist and fingers so as to bring the tips against the flank. 

Eighth cervical — Closure of the fist with pronation by ulnar flexion 
of wrist, retraction of the arm with extension of the forearm. 

First dorsal — Action of the intrinsic muscles of the hand, muscles 
of ball of thumb, interossei, etc. 

Functions of the nerve roots of the lumbar enlargement (according 
to Professors Ferrier and Yeo, from observations made on monkeys ; 
and M. M. Paul Bert and Marcacci, from observations made on cats and 
dogs). 

First lumbar, — Determines contraction of the sart'Orius, rectus, and 
psoas — which flex the hip upon the trunk. (P. B. and M.). 

Second lumbar, — Kxcites contraction of the anterior portion of the 
vastus externus. a part of the tensor of the fascia lata, and the vastus 
internus — viz., the muscles which extend the leg or the thigh. (P. B. 
and M.). 

Ihird lumbar. — Similar to that of the second, with some differences 
in detail. It excites part of the vastus externus and the anterior part 
of the biceps, which is an extensor, while the posterior portion is a 
flexor. (P. B. and M.). 

According to Ferrier and Yeo, stimulation of the third lumbar in 
the monkey causes flexion of the thigh and extension of the leg. 

Fourth lumbar J according to M.M. Paul Bert and Marcacci, causes 
in the cat and dog, movements in the posterior part of the biceps, the 
semi-tendinosus, and the semi-membranosus (tiexors of the leg or the 
thigh), the second and third adductors of the thigh and the extensors 
of the thigh. It thus innervates three kinds of movt^ments which are 
in no respect opposed or contradictory. 

Acconling to Professors Ferrier and Yeo, irritation of the fourth 
root in the monkey causes extension of the thigh, extension of the leg, 
and pointing of the great toe. 

Fifth root. — M.M. Paul Bert and Marcacci find that in the dog and 
cat the fifth root presides over the movements of the tail. According 



THE SPINAL CORD. 87 

to Ferrier and Yeo, irritation of the fifth root in the monkey pro- 
duces : — Outward rotation of the thigh, flexion and inward rotation of 
the leg, plantar flexion of the foot, and flexion of the distal phalanges. 

First McraL — Flexion of the leg, pUintar flexion of the foot, flexion 
of all the toes at the proximal phalanges, and also of the distal phalanx 
of the hallux. (F. and Y.). ^ 

Second tacrtU, — Action of the intrinsic muscles of the foot, yiz., 
adduction and flexion of the hallux, with flexion of the proximal 
phalanges and extension of the distal. (F. and Y.). 

§ 64. The Amount (Degree) of the Paralysis. — ^Where 
the paralysis is complete all muscular movement is of course 
absent. In incomplete paralysis (paresis) the amount of motor 
impairment is measured by observing the amount of force which 
the paralysed muscles are capable of exercising. In estimating 
the force of a muscle in this manner, the movement which it is 
made to execute should resemble, so far as possible, the move- 
ment which it is normally in the habit of executing. In 
measuring the force of the calf muscles, for example, jumping 
on tip-toe is, as Dr Gowers points out, a better test than the 
d^ee of force which can be exercised in opposition to passive 
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dorsi-flexion of the foot. The dynamometer (see fig. 76) is a 
ready means of estimating the exact force of the flexor muscles 
of the fingers (grasping power). The strength of the other 
muscles is ascertained by observing : — (1) the force with which 
voluntary movements are executed, and (2) the amount of 
resistance which can be offered by the patient to passive 
movements made by the physician. In cases of one-sided 
pai'alysis, the standard of comparison is the motor force of 
the corresponding muscles on the healthy side. Where the 
paralysis is bilateral, the amount of motor power must be 
compared with that of a healthy individual. Where an- 
other individual is taken as the standard of comparison, his 
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muscular development should resemble, as much as possible, 
the muscular development of the patient prior to the onset of 
the pandysis. 

§ 65. The Trophic Condition of the Muscles. — In some 
cases of spinal paralysis the muscles undergo ' rapid atrophy; ' 
in other cases their state of nutrition is well preserved ; in 
others again, they are moderately wasted. The trophic condi- 
tion of the paralysed muscles depends upon the position of the 
lesion. Where the lesion is situated above the trophic nitclevs 
(the multipolar nerve cells of the anterior cornu), the paralysed 
muscles may be well nourished, or moderately wasted (atrophy 
of disuse). Where the multipolar nerve cells are acutely 
destroyed, or where their trophic influence is suddenly shut off 
by lesions of the anterior roots or peripheral nerves, * rapid 
atrophy ' results. Gradual destruction of the multipolar nerve 
cells is attended with gradual but progressive atrophy, which 
may ultimately become extreme. 

§ 66. The Irritabilty of the Muscles. — The Faradic, 
galvanic, and mechanical irritability, must all be tested. In 
order that that this part of the subject may be thoroughly 
understood, it will now be necessary to describe the manner 
in which the electrical condition of the muscles is to be 
ascertained. 

§ 67. practical directions as to the mode of applying 
electricity in the diagnosis of cases of paralysis. 

1. See that the battery is in working order. Firmly attach 
the rheophores to the binding screws (I, I, fig. 77) of the bat- 
tery and to the electrodes. Thoroughly moisten the electrodes. 
See that the interruptor (G) is in the proper position. Place 
the required number of cells into action by means of the 
handle shown on the dial (E). Try the effect of the current 
on your own person before applying it to the patient; the 
ball of the left thumb is the most convenient site, the 
electrodes being held in the right hand, as shown in fig. 78. 
If there is any doubt as to the battery acting, i.e., as to a 
current passing, the electrodes may be apj)lied to the tip 
of the tongue; a very weak current should be used for this 
purpose. 
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2. Make the skin a good eonducfor. — In order that the 
current may reach the muscles and nerves, it is necessary 
to moisten those portions of the skin to wliioh the electrodes 
are to be applied, for the dry skin is au extremely bad con- 
ductor of electricity. The skin should be thoroughly sponged 
with warm water, holding a small (quantity of common salt in 
Bolutiun. 
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3. Apply the electrodes. — In using the continuous cur- 
rent, the ' polar method ' of applying the electrodes should 
he adopted. The polar met/wd is as follows: One pole is 
applied over a distant and neutral part, such as the manubrium 
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sterni, or the cervical apines ; the other over the mitscle or 
nerve tniiik which ia to be tested. By this meana the action 
of the two poles (a moat important point in the diagnoaia of 
acme cases of paralysis) can be readily diatinguiahed. 

If it ia desired to throw the wliole muscle into action or to 
act on the muscle through its nerve, the peripheral electrode 
ahould be placed over that part of the miiacle where the motor 
nerve enters. This point ia called the motor-point. 

In the following plates, copied from Von Ziemssen, the 
position of the chief motor points is shown. 
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In using the Faradic (interrupted) current the polar method 
is not so important. It should, however, always be employed 
where great accuracy in diagnosis is required. In uaiug the 
Faradic current for the purposes of treatment, hoth electrodes 
may be placed at a short distance from, each other mer the 
miiscle to be acted upon. Tius method ia less painfid than 
wlien they are wide apart. 

§ 68, The Use op Electricity as a Diagnostic is Cases 

OF Paralysis. — In using electricity aa a diagnostic agent in 
cases of paralysis, the reactions from nerve and muscle must 
be carefully distinguished, and the following points noted : — 
1. The minimmn- strejigth ofeurmii required toproduee a eon- 
traction in the paralysed muaeies. — The corresponding inusclea 
on the opposite (healthy) side of the body are then tested and 
any variations noted. When the paralysis ia bilateral, the non- 
paralysed muscles are taken aa a standard of comparison. In 
making this comparison, and in making comparative observa- 
tions on different individuals, great care must be taken to have 
Iall the conditions (strength of current, position of electrodes, 
condition of muscles as to tension, position of the limbs, 
moisture of the skiu, etc., etc.), as far as possible the same. 
2. The order of the polar reactions. 
3. The character of tiw cotitractions, their rapidity, dura- 
tion, etc. 
4. The maximum amount of muscular force which can be 
produced by strong currentB. 
Before describing the results which occur in disease, it will 
be necessary to consider the effects produced on the healthy 
tissues. 
ANl 
the 
the 
occ, 
ma 
inc 
ant 
the 



S 69. The Effect of Electricity on HEALTiry Muscles 
AND Motor Nerves. — Electricity has the property of exciting 
the functional activity of healthy muscles and motor nerves, 
the result of which ia to produce muscular contractions. 

Muscular contractions are only produced when alterations 
ocfvr in the strength of tlie current (t.e., when the current ia 
made or broken, or when its strength ia diminished or 
increjised). 

In health the contractions are short, sharp, and sudden ; 
and the effects produced by stimulating the motor nei-ve and 
the muscular fibres directly {i.e., the electrodes being applied 
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over the body of the muscle, and not over ita motor nerve) 
are identically the same. This ia due to the fact, tliat it 
is impossible to stimulate a healthy muscle without at the 
same time stimulating the motor nerve-endiiigs which it con- 
taius ; and it is probable that the contractions which result 
from direct stimulation of a healthy muscle, are due to stimu- 
lation of these motor nerves. 

Where the nerve-endings are destroyed by disease, or 
paralysed artificially by curare, important alterations occur. 
Muscular contractions are no longer produced when the muscle 
is directly stimulated by rapidly interrupted currents, such as 
the Faradic. The character of the contractions produced by 
slowly interrupted continuous currents ia modified ; instead 
of being short, sharp, and sudden, they are slow, prolonged, 
and apt to become tetanic. Important alterations in the 
sequence of the polar reactions also occur. (See § 74.) 

Since the functional activity of muscles and motor nerves 
is only excited when changes occur in the strengtli of the 
electric current, it follows : 

1, That in the case of the interrupted or Faradic current 
(in which a variation of strength occurs with each interrup- 
tion), a muscular contraction will accompany each break in 
the current, and since the interruptions produced by the 
automatic interrupter follow one another with extreme 
rapidity, an apparently continuous contraction or tetanic con- 
dition will result whenever the electrodes are applied. 

The strength of the contractions produced by tlie intei^ 
rupted current varies directly with the strength of the cur- 
rent Very weak currents do not produce contractions. 

2. That in the case of the continuous current, muscular 
contractions will not occur so long as the current strengtli is 
constant, i.e., so long as the current is passing, but only when 
it is made or broken, or when sudden variations in ita strength 
occur. 

The effects of the continuous current are not, however, so 
simple as this statement would imply, for they vary with the 
relative position oi the poles and with the strength of the 
current 

Since there are two piDles (the ffjwrfe or positive, and the 
cathode or negative), and since muscular contractions occur on 
making or closing, and on breaking or opening the cuiTent, it 
follows that there are four possible forms of contraction, viz.: 
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(A. When the negative pole is on the muscle or motor 
nerve, the positive pole on the distant or neutral point, i.c., 
with descending currents.) 

1. The contraction which occurs ou closing=the cathodal 
closiog contraction C.C.C, 

2. The contraction which occurs on breaking or open- 
ing^cathodal opening contraction C.O.C. 

{B. When the positive pole is on the muscle or motor 
nerve, the negative pole on tlie distant point, i.e., with ascend- 
ing cnrreuta.) 

3. The contraction which occurs on closing^anodal closing 
contraction A.C.C. 

4 The contraction which occurs on op6niag=:anodal open- 
ing contraction=A.O.C. 

These four forma of contraction occur in a definite order 
with currents of increasing intensity, viz. : 

1. C.C.C. 

2} A.C.C. 

3. A.O.C. 

4. C.O.C. 

As the current strength increases so does the intensity of 
each contraction. We may, therefore, represent tlie cliaracter 
of the contractions with a gradually increasing strength of 
current as follows : 

1. Very feeble current. No contraction either on opening 
or closing with either pole. 

2. Weak current, C.C.C. 

3. Somewhat atninger current, C'.C'.C. + AC.C. 

4 Still stronger current, C*C*C* -f- A'.C'.C. + A.O.C. 

5. Strongest current, C*C"C'' (cathodal tetanus) + A'C'C' 
+ A'O'C. + COC. 

§ 70. ALTERATIONS IN TITE ELECTRICAL REACTIONS WOICH 
OCCUR IN mSEABUe- TUK ELECTRICAL CONDITION OF 
PARALYSED MU8CLES AND NERVES. 

The alterations which occur in paralysis are either quanti- 
tative or qualitative. 

1 Tho AJil.O. uid A.O.C. ofU-a appear umultiacoUBly. Sometioius tUu A.O.C. 
a[ip«irB bof lira tbe A.C.C. 




104 



THE CLINICAL EXAMINATION OF 



When the leaion ia situated above the trophic mtdens, 
the electrical reactions are either normal; or pianiitative 
alterations (simple diminution or simple increase, the polar 
reactions appearing in normal sequence, the character of the 
contractiona natural, the results obtained by stimulating 
nerve and muscle the same) are observed. In such cases 
electricity is of little value as a positive diagnostic of 
paralysis ; the evidence it affords is chiefly negative. 

Where the lesion suddsTily destroys the trophic nucleus, 
or BO involves the nerve trunk as to rapidly shut of tis 
trophic influence of the nucleus, as in severe forma of peripheral 
paralysis, very important qualitative as well as quantitative 
alterations in the electrical condition of the paralysed muscles 
occur. To these alterations Professor Erb has given the name 
of the 'reaction of degeneratifm.' 

We shall now consider a little more in detail the alterations 
in the electrical reactions which occur in cases of paralysis. 

§ 71. Normal electrical conditions. — In the earlier stages of 
those cerebral and spinal paralyses in which the leaion ia 
situated above the trophic nucleus, the electrical condition of 
the paralysed muscles may be normal. After a time when 
atrophic changes begin to occur, simple diminution appears. 
Normal electrical conditions are also seen in cases of so-called 
functional paralysis, and in those cases of peripheral paralysis, 
in which tlie lesion is so slight that it does not shut off the 
trophic influence, i.e., in those forms of peripheral paralysis 
in which the rapid form of atrophy does not occur. 

§ 72. Simple diminution. — The only alteration from the 
normal is that a stronger current (galvanic and Faradic) is re- 
quired to produce a contraction This form of alteration occurs 
in those cases of cerebral and spinal paralysis in which the 
lesion ia situated above the trophic nucleus. Simple diminu- 
tion accompanies the slow and moderate form of ati-ophy which 
occurs in such cases. The amount of the decrease corresponds 
to the amount and stage of the atrophy. In the later stages 
of very chronic eases, the electrical contractility of the paralysed 
muscles may have almost entirely disappeared. 

I 73. Simple increase. — Tn this condition, which ia rare, 
a weaker current (both galvanic and Faradic) produces 
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muscular cotitractions, than in health ; but the character of 
the contractiouB, and the seq^uence of the polar reactiona, etc., 
are normal. 

Simple increase must he carefully distinguished from the 
increase of galvanic initability, which is one of the moat 
characteristic features of the ' reaction of degeneration.' 

Simple increase is said to occur in the earlier stages of 
some cases of hemiplegia; and in some cases of spinal paralysis, 
in which irritative (spastic) phenomena are present, but in 
■which there is no muscular atrophy.' 

§ 74. The 'reaction of degoieralion.' — ^Where the lesion 
destroys the nerve nucleus (trophic centre), or destroys or 
seriously injures the nerve trunk, marked alterations, both 
qualitative and quantitative, occur. 

The alterations, which constitute the ' reaction of degenera- 
tion,' are as follows : 

1. With the development of the degeneration of tlie nerve, 
I the electrical excitabihty of the nerve (both to the galvanic 

and Faradic currents) diminishes, and at the end of about a 
fortnight ceases altogether. 

2. The rapidly inteiTUpted (Faradic) current ceases to 
1 cause muscidar contractions when applied directly to tlie 
I muscle ; for the motor nerve endings in the muscle are 
[ degenerated, and the muscular fibre itself does not respond 
L to currents of momentary dumtion. 

3. During the first ten days or so there is simple diminu- 
tion of the contractility produced by the galvanic stimulation 
of the muscle ; the excitability of the muscles to slowly inter- 
rupted galvanic currents then increases, and, 

4. The following qualitative changes are observed; — The 
sequence of the polar reactions is altered, the anode takes 

L the place of the cathode, The order of appearance of the polar 
iTeactions is therefore : — 



1. A. C. C. 

2. C. C. C. 

3. C. 0. C. 

4. A. 0. C. 



1. C. C. C. 

2. A. C. C. 

3. A. 0. C. 

4. C. 0. C. 
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5. The character of the contractions is modified ; instead 
of being short, sharp, and sudden, they are slow in appearing, 
prolonged in duration, and apt to become tetanic, even when 
produced by weak currents. 

To sum up then, where the 'reaction of degeneration' is 
present, the galvanic stimulation of the muscle produces 
contraction more easily than iu health, biit the character of 
the contractions, and the sequence of the polar reactions, are 
altered. This increase to the slowly interrupted continuous 
current occurs at a time when stimulation of the ner^e (both 
by the galvanic and Faradic currents) and of the muscle by 
the Faradic current produces no contraction. 

The increased excitability of the muscle to the galvanic 
current continues for a longer or shorter period in difl'erent 
cases. In incurable cases, after twenty or thirty weeks it 
gradually declines, and finally ceases (see fig. 92) ; then the 
muscle, like the nerve, ceases to respond to all forms of 
current. In cases which recover, it lasts for a few weeks, and 
then gradually diminishes, tlie normal reactions reappearing. 
(See figs. 90, 91.) 

The following diagrams, taken from Erb, illustrate the 
course and duration of the ' reaction of degeneration ' in 
diffeient cases : — 



Sapid Jiccovcnf, 
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§ 75, Clinical sUpiifieaTux of the reaction of degeneration. — 
The ' reaction of degeneration ' occurs in all severe peripheral 
paralysea,aiid id all cases in which the nerve nuclei are rapidly 
destroyed ; it, therefore, occurs in polio-myelitis anterior acuta, 
and acute myelitis involving the anterior comu. In trans- 
verse myelitis it is, of course, only observed in those muscles 
supplied by nerves arising from the affected segment, (See 
fig. 71, piige 58.) 
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According to some writers tLe 'reaction of degeuera- 
tion' is also seen in progressive muscular atropljy and 
bulbar paralysis ; peraonally, I have never observed it in sucli 



r 



§ 76. MECHANICAL IBBITABILITY. 

The mechanical irritability is tested by tapping the 
paralysed muscles v?ith the tip of the finger, the side of 
the liand, or a percussion hammer. 

As a rule the mechanical excitability of paralysed muscles 
is lowered. 

Increased mechanical excitability occurs: — (1) In those 
cases in which the electrical (galvanic) excitability is in 
excess, t.e.,wherethe'reactionof degeneration 'is well marked. 
According to Erh the increased excitability to mechanical 
stimuli appears in tliese cases later than the increased ex- 
citability to galvanic stimuli, 

(2) Where the deep reflexes are excessive, as in cases of 
lateral sclerosis. Here the increased excitability is probably 
of reflex origin ; possibly it may be due to perverted nutri- 
tion of the reflex centre {i.e., the large nerve cells of the 
anterior cornua). 

§ 77. THE TONICiXy OP THE MDSCLE9. 

Tn cases of spinal cord disease the tonicity of the muscles 
may be normal, diminished or increased. 



§ 78. Flacddity or Diminished Tonicity. 

It may be stated as a general rule, that flaccidity occurs 
in those cases in which the muscle is atrophied. Exceptions 
occasionally occur — where, for example, rigid muscles become 
atrophied, a combined condition of tension and atrophy may 
for a time, at least, be present, aa in amyo-trophic lateral 
sclerosis. 

Flaccidity, therefore, occurs in those spinal diseases in 
which the lesion involves the anterior cornua. It ia also the 
usual condition in functiomd lierangements, in mild cases of 
inyelttia, and in severe coses of myelitis prior to the onset of 
secondary descending degeneration. 
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§ 79. Migidity and Tension (increased Tonicity.) 

Higidity and tension occur in those ciises of spinal cord 
disease in which there is irritation of motor nerve tissue. 
The irritation may be direct or reflex. Possibly in some cases 
it (the rigidity) is due to arrested cerebral control. Other 
irritative phenomena, such as twitchinga, tremora, cramps, 
apaams, contractures, are oftfin associated with the increased 
muscular tension. 

Clinically, rigidity and tension are met with in the follow- 
ing affections : — 

(1) Meningitis. — Here the rigidity may result from 
(ft) direct irritation of the anterior (motor) roots ; (6) irrita- 
tion of the posterior (sensory) roots, and resulting reflex 
spasm; (c) increased excitability of the gray matter of the 
cord. 

(2) Sclerosis of the pyramidal tracts (primary lateral scle- 
rosis, and secondary degenerations). — Tlie exact manner in 
which lesions of the crossed pyramidal tracts cause tension 
in the muscles is still undetermined. Some authorities say 
the rigidity is due to diminished or arrested cerebral control, 
and to the increase of the reflexes (especially of the deep 
reflexes) which results therefrom. Others think that irritation 
of the motor fibres in the pyramidal tracts is produced by 
the process of secondary descending degeneration, that the 
irritation is propagated to the multipolar nerve cells of the 
anterior comua, and thence to the muscles. Both explana- 
tions are pi-obably correct; hut the latter is ceitaiuly the most 
important. 

(3) In some cases of kystencal paraplegia the muscles 
are rigid, the deep reflexes are increased, in short, the 
condition exactly resembles the spastic paraplegia of organic 
disease. ^ 

The distribution -of tlu rigidity. — In cases of meningitis 
the rigidity chiefly involves the flexors ; the thigh, for ex- 
ample, is flexed on the abdomen, and the leg on the thigh. In 
lateral sclerosis the extensora are most affected : in advanced 
cases the patient lies in bed with the legs rigidly extended, 
the tliighs adducted, and the feet invei-ted ; in the earher 
stages he is able to walk with the help of sticks. The tenn 
spastic or spasmodic paraplegia is usually given to these 
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§ 80. Fibrillary twitcMnga or trevu/rs. 

Fibrillary twitcMngs are produced by the contraction of 
individual muscular faaoiculL The akin covering the mus- 
cular fibre appears suddenly raised and stretched aa if a 
thread were made tenae beneath it. The patient is geneiiilly 
conscious of a ' quivering ' flenaation in the affected part. 

Fibrillary twitcliinga were formerly tiiought to be patho- 
gnomonic of progi'essive muscular atrophy. We now know 
that tliey occur in many other comlitiona. They are Been in 
some cases of hypochondriasis, in which the patient gives 
great attention to his limbs, believing that be is the subject 
of spinal cord disease. As Professor Charcot points out, these 
patients are uauolly medical men or medical student.'?. Fibril- 
lary twitcliings are also obsei-ved in oases of functional dis- 
order associated with ' irritable ' weakness of the spinal cord. 
They are seen in all cases in which motor nerve tissue ia 
undei^ing destruction, but especially where motor nerve 
cells are being slowly destroyed. Fibrillary twitchinga occur 
therefore in many different forma of apinal disease. They 
are constantly met with in progressive muscular atrophy.* 



§ 81. Contracture. 

In many casaa of atrophic paralysis a permanent condi- 
tion of shortening and consequent defonnity results, to which 
the tenn amtracture, ia applied. In some of these cases 
the rigidity depends upon cirrhosis of the affected muscles 
{atrophy of the muscular fibres, the production and sub- 
sequent contraction of fibrous tissue). In other cases the 
contracture is due to unrestrained action of one set of muscles, 
their opponents being paralysed. Mechanical preaaure on 
paralysed parts may also aid iu its production. Contractures 
are common as the result of infantUe paralysis. In pseudo- 
hypertrophic paralyaia, talipes equinua is usually present 



■ 1 do Dot nmn to Imply (Iml flbrill>rf ttritablngB cao alwoya be sean on CHUal 
ob«erT»tion of » mbb of progreBd™ mnBculir atrophy. TLey will, 1 think,«lw«y» 
bo ooticad dnrlng the active psrlod of the disease, provided tliat [he aSecled muscla 
is obserTed tor a BUfficiently long period. Eipoeure of [ho affected part, or 
gentle irritation of tbe miiBcle, aucli aa stroking tbe akin, somotlmea excites tlis 
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§ 82, THE CONDITION OF THE REFLEX MOVEMENTB. 

The examination of tha reflexes ia a most important means 
I of ascertaining the condition of the segment through which 
the reflex pofises. 

§ 83. Pcrsisknce of Ike refltxea. — The presence of a reflex in 
any segment shows that the reflex path is still open, t.e., that 
there is no serious disease in that portion of the segment 
through which the reflex impulse travels. 

1l\\s preaence of a reflex in anyaegmenl does not of necessity 
show that there is rw serious disease in the segment. The 
pnstero- internal columns, the lateral columns, and the columns 
of Tiirck may, of course, be absolutely destroyed without any 
injury to the reflex track. 

The absence of a reflex in any segment does not netts- 
aarily prove that the s<^ment is diseased; for the reflexes 
are sometimes absent as a physiological idiosyncrasy, and in 
most healthy individuals it is difficult or impoesible to de- 
monstrate the gluteal, epigastric and inter-scapular skin 
reflexes ; the ankle clonus, too, is never present except in 
disease. Again, the reflex impulse may be 'blocked' out- 
side the cord as the result of lesions of the centrifugal or 
centripetal fibres of the reflex arc. Possibly, too, the cerebral 
control may be so excessive aa to completely inhibit the 
reflex movements. 

§ 84. Abolition of the reflexes. — Spinal lesions which 
destroy the posterior roots, postero-extemal columns, that 
portion of the grey matter through which the reflex travels, 
the anterior root-fibres, or the anterior roots, will cause a break 
in the reflex arc.^ 

Indiscriminate lesions may involve any of these parts, 
and may therefore produce abolition of the reflex movements. 
The system lesions, in which the reflexes are abolished, are 



^^L bare 



' It is proboble that the tnperAoial TetUxta pui dlrec(1]r into the poatarior 
horu of grey nMtter. while the deep reflexee iims through tbe poMero-Bxtemtl 
colnmii. It iB [HMtHible in (hie way to eiplsia the undoubted clinical fact, that in 
thg eu-lior slagCBof luoomotor ataxia, i.e., while the lesluu ii limited to tbe poalBro- 
I, the deep reflexes are Bboliahed, but the superficial reSexea may 
be retained. (See psgo 3G.) 
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locomotor ataxia (sclerosis of the postero-extemal columns), 
polio-myelitis anterior acuta, and progressive muscular 
atrophy. In the two latter affections the roflexea are ouly 
completely abolished when all of the multipolar nerve cells 
of the affected segment are destroyed. (See figs. 37 and 46.) 

§ 85. Exaggeration of the rejiaxs ia in the great majority 
of cases due to disease of the lateral columns, and is usually 
associated with secondary descending degeneration. It may, 
however, result from increased exeitability of the gi-ey 
matter. 

It is important to remember that disease of the lateral 
columns of the cord usually produces exaggeration of both 
forma of reflex movement (superficial aud deep). In cere- 
bral lesions, on the contrarj-, the deep reilexes are ex- 
aggerated, but the superficial reflexes are diminished or 
abolished. 

In Borne caeefl of spastic paralvHiH in wliioh the deep reflexes are in 
markeii excess, little or no movement results on tickling the soles. The 
usual flexion of the leg on the thigh, or thigh on the abdomen, does not 
occur in these casct, lieeause of ripfidity of the opponeut miiaoleB. Care- 
ful obseiTstioii ill such n esse will uEUsUy show that the stiffness tuid 
rigidity of the limh are decidedly increased by the tickling. 

§ 86. Tlie reflex functions of iiidividual segments. — The 
method of testing the reflexes. 

The superficial re^xcs. — Dr Gowers, who has given great 
attention to this subject, describes a plantar, gluteal, cremaa- 
teric, abdominal, epigastric, and interscapular akin reflex. 

The plantar reflex is almost always present in health. The 
abdominal reflex can also usually be obtained. The cremas- 
teric reflex is, as a rule, well marked in children, but often 
absent in adults. Tlie gluteal, epigastric, and interscapular 
reflexea can seldom be demonatrated in the healthy individual. 

1. Tlie plantar reflex is obtained by irritating the skin of 
the sole, the result being a contraction of the foot muscles, or 
when the reflex radiates, as it often doea, a contraction of 
the muscles of the thigh and leg. When confined to the 
foot muscles the reflex passes througli the lower part of the 
lumbar enlargement. 

2. The gluteal reflex is obtained by irritating the skin of the 
buttock, and consists in contraction of the gluteal muscles. 
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It passes througb the cord at the level of the fourth or fifth 
lumbar nerves. 

3. The cre-masteric reJUx is obtained by tickling the skin 
on the timer side of the thigh, and consists in retraction of the 
testicle on tlie same side. It paases through the cord at the 
level of the first and second lumbar nerves. This reflex ia 
often absent in the adult. 

4. The abdominal reflex is obtained by stimulating the 
akin of the side of the abdomen in the nipple line. It con- 
siata in contraction of the abdominal muscles, and passes 
through the lower part of the dorsal region of the cord from 
the eighth to the twelfth nerves. 

5. The ^gastric reJUx is obtained by stimulation of the 
aide of the chest in the fifth and sixth interspaces. It consista 
in the dimpling of tlie epigastrium from contraction of the (?) 
upper part of the rectus abdominalie. It posses through 
the cord at the level of the fourth, fifth, and sixth doruil 



6. Thf, interscapular rejlex is produced by stimulation of 
the skin between the scapulae, and consists in contraction of 
eome of the scapular muscles. When slight it is chiefly marked 
at the posterior axillary fold (teres) ; when more considerable, 
it involves almost all tlie muscles attached t« the scapula 
(trapezius terea, serratus), and even moves the bone a little 
outwards. It passes through the cord at the level of the three 
upper dorsal and two lower cervical nerves. 

To elicit the superficial reflexes, the skin should be gently 
scratched with a fine pointed instrument, such as the point of 
a pencil, or the end of a tuning fork. The finger does well 
enough in most cases, but a fine point is better. 

I I 87- The deep rejiexts} — The best known are the patellar 
} tendon reflex, and the ankle clonus. In diseased conditions, 
reflex movements can often be produced by tapping the ten- 
dona of the upper extremity. 

The kitee-reJUx (patellar-(cndon-rejler) is best obtained by 
striking the ligamentum patellae when the knee is semiflexed 
and the foot at rest The patient should be seated with his 



> Th« »M<tt obarBcWr of the B<i-ralUd teudeu-rcflex 
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legs danglmg over a. high table in a pendulum-like manner, 
OS eliown in fig. 93; or, the leg may be crossed over ita fellow, 
as represented iu fig. 94. The tendon should be struck just 
below the patella with a percussion hammer, the side of the 




Mtthod o/aitainins the Paltliar TtndoH Rrjdx. 



hand, or the ear-piece of a stethescope. Tlie knee must be 
quite relaxed. Wlien there is any doubt as to the presence of 
the phenomenon, I am in the habit of bandaging the patient's 
eyes ; it is then possible to strike either tendon without the 
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patient being aware that you are going to do so. Care must 
be taken not to confoimd the movement of the leg, which re- 
sults from tlie impulse of the blow, with the movement which 
depends upon contraction of the muscle. The reflex centre 




MHhod of oUabiinU tke Patdlar Toviim Brgtx. 



is situated in the lumbar region of the cord, in the segmenta 

corresponding to the second, third, and fourth lumbar nerves. 

The ankle clonus is a rhythmical movement of the foot, 

due to rhythmical contraction of the calf muscles. In order 
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to obtain it the foot must te suddenly flexed at the ankle by 
pressure upon the balls of the toes ; the leg should be extended, 
but not fuUy. (See fig. 95.) 




MMoit Itfoblaimng Uc Anilt Clonut. 



A modification of the ankle clonus has been described by 
Dr Oowers, and termed by him the front-tap (mUradian. He 
states that it is a very delicate test of morbid irritability, and 
can often be obtained when the ankle clonus cannot To 
obtain it a tap must be made on the muscles of the front of 
the leg during passive Sexion of the ankle. 
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The ankle clonus cannot be obtained in health. It is seen 
in cases of spastic paraplegia; and is very valuable evidence, 
though Dot pathognomonic, of oi^anic disease, viz., sclerosis of 
the lateral columns. It is also seen in the hysterical (func- 
tional) form of spastic paraplegia ; this point will afterwarda 
be referred to in more detail. (See page 153.) 

Deep reflexes can sometimes be obtained in the upper 
extremity. They are seldom, if ever, present in health, and 
are chiefly valuable as evidence of secondary descending de- 
generation resulting from cerebral lesioQB. 



THE ORQANIO REFLEXES. 

The more important organic reflexes which have their 
centres in the spinal cord, are the vesical and rectal. 



^ 



§ 88. THE VESICAL REFLEX.^ 

Micturition is a complex process, the exact mechanism of 
which is not, perhaps, yet definitely understood. The nervous 
and muscular arrangements concerned are as follows : — 

The neck of the bladder is surrounded by circular muscular 
fibres — the sphincter vesicfe muscle — which are supposed to 
be maintained in a constant state of contraction. By virtue 
of the action of the sphincter, and, to a less degree, of tho 
resistance of the elastic fibres of the urethra, the exit of urine 
is prevented. The contraction of the sphincter is due to the 
action of a tonic centre which is situated in those segmenta of 
the spinal cord which correspond to the 2d, 3rd, and 4th sacral 
nerves. The action of the tonic centre can be inhibited, 
i.e., the sphincter can be relaxed, by a voluntary eflbrt. 
The course of the inhibitory iibres in the cord is un- 
determined, but they probably pass through the lateral 
columns. Dr Gowers supposes that the centre for the sphincter 
can be inhibited, i.e., the muscle can be relaxed, rejttxly, by 
sensory stimuli from the mucous membrane of the bladder 
iteelf. Such a supposition would undoubtedly well explain 



I The meclmnism of urinntion heliirps, of oouric, lo Iho phynioloRy of II 
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118 



THE CLINICAL EXAMIKATION OF 



some points of the procesa, asd is adopted in the foUowin; 
descriptioa : 

The expuUion of urine is tffetied hy the contraction of th< 
muscular fibres in the wall of the bladder — the detrusor urina 
— aided by the contraction of the voluntary muscles in tht 
abdominal wall.' According to Goltz, the contraction of tht 
detrusor is a purely reflex act The rellex centre, which ii 
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flituated in the segments of the spinal cord corresponding to 
the 3d, 4tli, and 5th sacral nei-^'es, is set into action by stimula- 
tion of the sensory fibres in the mucous membrane of the 
bladder. 

Many authorities believe that the reflex process can be 
strengthened, and some say that it can be set into motion by 
a voluntary effort. Like many other reflex acts, it can be 
inhibited by an effort of the will. 

It will be seen from this description that the centres for 
the detrusor and sphincter muscles are antagonistic, and that 
an impulse from the brain, which inhibits the action of the 
sphincter centre, of necessity excites the action of the detrusor; 
and vice versd. The inhibitory fibres probably pass down tha 
lateral columns of the cord. 

The parts concerned in micturition, while at rest, are 
Qiatically represented in iig. 90. 



DKBCiirrT:o\ or Flo. 96. 



Dlagramnuilie reprttmlaUon of At parU cnncernctl in lAe nrc/iaitiim of 
iMU at ruJ. ^A/icr Gotcerrj bul ctmiidrrabty Buxl\fietL) 



The iphlucb 



of cDDtjacti™, li 
BBtro (0 K M) I 



Emll ot u 



tLe spinal cord, 



scle (S H] in In ■ 
uually Bent lu It trotn its ti 
througli (n, as [ndicatod by the arrow. 

V TE= tLe bkdder, ntict I'j rrpraaitrd oi rmply. 8 M, spluitcti^r mnticle. 
S U, delTDBor niDHila. A U, sbdomlDBl muBi^lptL mm, mucous meuibnuiu of 
blBiider, B, the bmiu. C D M, Bpio&l contre for tlw detrusor muscle. C S. H, 
■pituLl ceutre [or tbs spliiuistor niusa]& S, iien«ury flbrs proofiHllog fnim ilia 
mui^ona membrene ot bladder up to the apiniU cord and bnln- dm, motor norvs 
from the apiual ceDtre for the detmaor muBote. nn, motor nerra from the aplu*! 
centra for the Bphiucter muHcls. b nerve filunout proceeding from tbs braia to 
tfae aiHual contres of the detmaor and spliincter innKclos. Anlmpnlao from the 
brain lliraugh h inbibils tbo apbiuoter eeatre (dottod line) aad cic)t«> the de- 
tnieorc entre, >i ibown id fig. 2. i*, Nerve filament proceeding from the brain lo 
the apintl centres of tbs spbinuter nnd detrusor muscU's. Au itupulae almig h' 
itreuglbenB tlie sphincter uid inhibits the dstrusar centre, b' Merve HUmentfrnm 
the brain to the nbdomlnal nmeolea. 

A'uK. — When tha bladder is oinptf Its trails are collapsed. The coaditioQ 
represented in tbo figure is purelj dkgntDiniatio. 
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The mechaiiiani of micturition then, so far as it is at pre- 
flent known, would seem to be as follows ; — 

1. When the bladder becomes sufficieutly full of water, the 
sensory nerve filaments in the mucous membrane are stimu- 
lated, and an impression is conveyed along the sensory nerves 
to the refles centres for the detrusor and sphincter muscles in 
the spinal cord and to the sensorium. 

2. As a result of the sensory impression conveyed to the 
brain the desire to urinate is experienced. 
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3. As a result of the roHex impulse carried to tiie spinal 
cord, the action of the detrusor ceutre is stimulated, while the 
action of the aphincter centre is inhibited. 

If the circumstances for urination are fammrable, an im- 
pulse is sent from the brain to ; (a) Tiie tonic centre for the 
sphincter, inhibiting its action, and causing relaxation of the 
sphincter muscle ; (b) The centre for the detrusor, strengthen- 
ing its action which has been already excited by the reHex 
impulse from the bladder; and to (c) The abdominal muscles, 
causing their active contraction. In health all these processes 
are simultaneously accomphshed, and urination is the result. 
The mechanism of the process is diagram matically represented 
in fig, 97. 

If the circumstances are not convemeiU for urination, the 
process can be prevented by: (a) Voluntary inhibition of 
the centre for the detrusor ; (b) The (voluntary) contraction 
of the urethral muscles at the neck of the bladder; and 
possibly, too, the strengthening of the tonic centre for the 
sphincter. 

The manner in which the process is inhibited by a volun- 
tary effort, is diagrommatically represented in fig. 98. 



DEacaiPTioR of F:o. 97. 
Dia^raBimnlic rrjiruinlution if tie portf amctmtd in (A* procai of mi 



ThB blsddar (Y> ia full of orinn. Tha mncouH membr.na (m m) is stimuUloH, 
kn imprelaion la gaDented, ind u urriiid bj Iba seuaory (ceDlripeUl) nervH (S) to 
Ihi bniD (B), fttid to Lhe iplmil ceatrei for ths dutriiaor (U D M), lud apbiuclur 
(C S U> From the bnuD an impuln is lenl [1} aloug the Qorvs (b) wbi.j)i 
■trengtheoB tha bcUoq of tbe detraaor centre (C D U), and inhibits tLe action 
uf the aphincter centra (C S U) ; (!) klong tbe nerve (b'), which tbraws tliB 
abdominal munclee (A U) into Mtion, 

The raflci impulao which baa |juaad froni ILie mncoua membrane of the bladder 
to tha apiual cord, exdtei llio kction of Lhe detrusor centre, and inhibita lbs action 
ol tbe aphiucter MUtre, 

The fioal reiutt ia contracllou of the detrusor muMle (D M;, rolaiation of tlio 
■phlncler muecle (8 M) ; aud the eif uIiIdd of oriiie. Tba arrows Indicate llw 
direvtiuu of the uvrve ' curreuU.' . 
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■phlDCtar miiacla [B M), and iH«-cipulaioa of uriuo. The arron-g ladicate tbe 
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^^H deac: 



§ 89. AUeraiions of the process of urination which occur in 
dwftwe.— Disorders of urination are very frequent in disease, 
and result from derangement of tlie mechanism which I have 
just described; and since the chief part of that mechanism is 
situated in the lower portion of the spinal cord, it follows that 
the greateut disturbance in urination will occur when t)ie 
lum^T portion of the cord is the seat of the lesion. 

The following are the effects produced by lesions of the 
different parts of this nervous mechanism ; 

1. Excessive stimulation of the centripetal nerves. — When the 
sensory nerve filaments in the mucous membrane of the blad- 
der are abnormally sensitive, as in cases of cystitis, a small 
quantity of urine will suffice t« set op the reflex process ; in- 
creased frequency of micturition and spasmodic contractions 
of the detrusor muscle result. A foreign body (erach as a stone) 
will produce excessive stimulation of the sensory nerves, even 
when the mucous membrane is healthy, but as a matter of 
fact, cystitis is nearly always present in such cases. Irritation 
in the rectum may also excite tlie reflex mechanism. Some 
cases of nocturnal incontinence in children are probably in- 
induced in this manner. 

2. Destruction of the sensory (centripetal) nerve fUamentt 
will, of course, prevent the reflex impulse passing to the 
spinal cord. Expulsion of urine can still to some extent be 
eflected by voluntary eflbrt, chiefly by means of the abdominal 
muscles. This condition is of more theoretical than practical 
importance. It might result from the pressure of a tumour 
or inflammatory products on the nerve trunk or posterior 
nerve roots. 

3. Destruction, of the reflex centres in the spinal cord. — 
Destruction of the reflex centres may result from myelitis, 
ha?morrhage into the cord, traumatic injuries, etc. The sphinc- 
ter and detrusor muscles are, of course, paralysed. There is 
generally paraplegia and paralysis of the rectum. 

Sudden injuries (traumatic and inflammatory, etc.) of the 
spinal cord above the lumbar region are also attended with 
arrested functions of the urinary centres. In cases of this 
description, the urinary reflex is re-established as soon as the 
effects of shock pass off (provided, of course, the lumbar cord 
remaiDS unaSected). In many of these cases the conducting 
paths to and from the brain are interrupted with the results 
described below. 



> 
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Destruction of the detrusor centre produces paralysis of the 
detrusor muacle, as a result of which urine collects in the 
bladder (retention) : after a time the sphincter gives way, and 
incontinence occurs. 

When the action of the detrusor centre is impaired but 
not destroyed, the paralysis is incomplete. In these cases 
the contraction of the abdominal muscles takes a larger share 
in the process than in health. The expulsive power is dimin- 
ished; the patient cannot empty the bladder when lying on 
his bcick ; in order to complete the process satisfactorily, he 
has to stand up, i.e., to place the parts in the best hydrostatic 
condition for the eidt of urine. 

Paralysis of the detnisor from destruction of its reflex 
cenfere is ahnost invariably associated with paralysis of the 
sphincter. 

Destruction of the sphincter centre produces paralysis 
of the sphincter ; the uriue dribbles away ; this condition 
is termed incontinence of urine. Wlien the aphineter is 
paralysed, any sudden movement on the part of the patient — 
laughing, coughing, etc — forces away urine. 

Paralysis of the sphincter is very rare per sc. It is nearly 
always associated with a similar affection of the detnisor 
muscle and with paralysis of the rectum. 

4. Destruction of the centrifiigal (motor) nerves. — Destruc- 
tion of the motor nerve to the detrusor muscle will, of course, 
produce paralysis of that muscle. As I have previously 
remarked, this condition is seldom, if ever, met with in 
practice. 

5. Interruption and destructUm of the conducting paths to 
and from the brain above the reflex ceMre are of frequent 
occurrence. If the lesion is a sudden one, the shock to 
the urinary centres may cause temporary arrest of func- 
tion. In chronic cases the effects of the lesion vary with its 
position and extent When the sensory conductors or sensory 
perceptive centres are affected, the desire to urinate is not 
perceived; the reflex arc is uninjured, and as soon as the 
bladder becomes sufficiently distended with urine, it is 
eviu'ii.if i' ■ ' . :-iiiu.-ly. It must he remembered, therefore, 
thill ■ ■lischai^ of urine and fiacea in cases 

of hi-'cessarily imply any paralysis of the 

blu.i.l> i 

\\\i\i\\ lIil; m"U>t lUid iiJiiltitory fibres are alone interfered 
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vith, the desire to urinate is perceived, but the act takes place 
quite independently of volition. It can neither be assisted nor 
prevented. 



INCONTINENCE AND RETENTION. 

Incontinence and retention of urine are the symptoms 
which result from the lesions I have just described. 

§ 90. Incontinence of wrine, — -The escape of urine either 
{^inst ther will or without the knowledge of the patient, 
and without his being able to control its flow — ^may be 
due to: 

1. Mechanical ccmses — Such as a vesico-vaginal fistula. 

2. Spaemodic contraction of the detrusor muscle, (Spasmo- 
dic incontinence.) In spasmodic incontinence the involuntary 
dischaige of urine occurs at intervals, and between times the 
patient has full control over his bladder. This is one of the 
most frequent causes of the nocturnal incontinence of children. 
The spasms may be due to a local source of irritation acting 
reflexly, as worms in the intestine ; or, it may be part and 
parcel of a general spasmodic condition (epilepsy). Occasional 
nocturnal incontinence should always therefore suggest the 
possibility of epileptic fits. 

3. Atony or paralysis of the sphincter vesicce. — Where 
the sphincter is completely paralysed the incontinence is 
constant, the patient never has command over his bladder, 
the urine dribbles away, and is liable to be forced away 
by any sudden effort, such as coughing. The urine is often 
ammoniacal. 

Where there is simply atony of the sphincter, the incon- 
tinence may only occur occasionally. This is probably an- 
other cause of nocturnal incontinence in children ; the incon- 
tinence rarely occurs during the day; the atony becomes 
aggravated during sleep; these patients are frequently deli- 
cate, but there are no associated nerve symptoms such as 
are present in most cases of paralytic incontinence; the 
urine is normal; the condition is generally easily amen- 
able to treatment Paralysis of the sphincter sometimes 
results from local injury, as after the rapid dilatation of the 
female urethra, or inflammatory affections of the muscle. 
It frequently follows retention, the sphincter after a time 
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yielding to the pressure of the retained urine, and incon- 
tinence resulting. In these cases the important diagnostic 
point to be determined is, — ^What is the cause of the reten- 
tion ? Is it due to a local (generally temporaiy) or central 
(often permanent) condition f 

In all cases of incontinence of urine, especially where 
there is no associated condition of the rectum and Umbs, a 
careful examination of the bladder should be made with Uie 
catheter, eta 

4 Certbral /nam^tneiMML — ^Where the urinary reflex arc is 
uninjured, but where there is a lesion (in the cord above the 
lumbar region or in the brain), which interrupts the conductors 
or destroys the cerebral centres, the urine is dischaxged at 
irregular intervals, and in a good stream, but the desire to 
urinate is not perceived, and the act cannot be restrained. 
This form of incontinenoe may, for the sake of convenience, be 
termed cmbraL 

Th/$ dijftrential diagnosis of a ease qf inconiinence^ — ^The 
points to be determined are : — 

1. Is the incontinenoe mechanical, spasmodic, paralytic, or 
cerebral f 

2. If spasmodic, is it due to local or central causes f 

3. If paralytic^ is the paralysis due to local or central 
conditions ? 

4 What is the exact seat and pathological character of 
the lesion ? 

In trying to solve these questions, attention must be 
directed to the following circumstances : — 

1. The local condition of the urethra, bladder, rectum, etc. 
(Careful local examination.) 

2. The exact character of the incontinence. (See abova) 

3. The history and mode of commencement of the attack. 

4 The associated nerve symptoms, especially the con- 
dition of the other parts supplied oy the lumbar and sacral 
nerves. 

When the incontinence is due to central causes, an 
anatomical and pathological diagnosis must be made, in 
accordance with the usual plan of diagnosis in spinal and 
cerebral aflRsctions. 

The chief points of differential distinction between 
spasmodic and paralytic incontinence are shown in the 
following table : 
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L 1 91. Retention. — The accumulation of urine in the bladder, 
u the result of inability on the part of the patient to expel 
it — may be due to : — 

1. Mechanical causa, such as stricture, enlarged prostrate, 
tumours in the pelvis, traumatic injuries of the urethra. 

2. Spasmodic cmitraclion of th€ sphincter vteicai. — This con- 
dition may result from local (direct) irritation, after ligature 
for piles, etc, or it may be due to central nervous causes, aa 
in some cases of hysteria. 

3. Paralysis of the detrusor muade. — Paralysis of the de- 
trusor sometimea follows excessive distension of the bladder, 
as in those cases in which the urine has been voluntarily 
long retained ; occasionally in these cases, though I suspect 
seldom if ever in perfectly healthy individuals, the paralysis 
becomes permaueut 

Temporary paralysis of the detrusor also occurs in many 
cases of acute disease of the spinal cord and brain, in which a 
severe shock to the nervous system temporarily arrests the 
function of the detrusor centre. 

Paralysis of the detrusor may also result from lesions of 
the detrusor centre, and from lesions of the centripetal (motor) 
nerves passing from that centre to the muscle. Myelitis, 
hemorrhage, or traumatic injuries of the lumbar cord, pres- 
sure OD the nerve roots or nerve trunks, are the chief causes 



128 THE CUNIGAL SXAMIKATIOK OF 

of thifl condition. In Uiese cases Uie paralysis is often per- 
manent, and is geneiaUy associated^ as has been mentioned 
above, with paralysis of other parts supplied by lumbar and 
sacral nerves. Feeble action of the detrusor muscle is seen in 
some cases of general ^inal weakness. In these cases the 
action of the detrusor is partly compensated by excessive 
action of the abdominal muscles. 

4 j&Doessive cerebral control. — ^Theoretically, retention will 
occur where the cerebral influence which inhibits the action 
of the detrusor centre, and strengthens the action of the 
sphincter centre, is in excess. Possibly this is the cause of 
the retention which is met with in some cases of hysteria, 
and in some other cerebral affections. 

The differetUial diagnosis of a case of retention. — ^The steps 
in the diagnoeiB are : 

1. Is the retention mechanical, spasmodic, or paralytic ? 

2. If spasmodic, is the spasm due to local or general 
causes? 

3. If paralytic, what is the seat and pathological 
character of the lesion ? 

The points to be relied upon in making a diagnosis are 
much the same as those in cases of incontinence, viz.: — 

1. The local condition of the urethra, bladder, rectum, and 
pelvic organs. (Catheter, rectal, and pelvic examination.) 

2. The associated nerve symptoms, especially the condi- 
tion of the other parts supplied by lumbar and sacral nerves. 

3. The history and mode of commencement of the attack. 
4 The general condition, age, etc., of the patient. 

When the retention is due to spinal or cerebral causes 
an anatomical and pathological diagnosis is to be made in the 
usual manner. 

§ 92. THE BSCTAL REFLEX. 

The mechanism of deCaecation is very similar to that of 
urination. It must, however, be remembered that the faeces 
are solid or semi-solid ; that they are not disdiarged into the 
rectum in the same continuous stream, as it were, as urine is 
discharged into the bladder ; and that huge hard fsBcal masses 
may meet with a mechanical difficulty in passing through the 
sphincter. Possibly, too, the intensity of the reflex stimulus 
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conveyed to the spinal cord by fsces of different degrees of 
. consistency may vary. 

The reflex centre for the rectum is situated in the lower 
part of the spinal cord, in close proximity to the urinary 
centre. 

After the very full description of the urinary reflex given 
above, it is unnecessary to say more regarding the rectal 
reflex. The reader is referred to that description. 



§ 93. THE 8EXUAL BEFLEX. 

Erection and ejacidation are reflex processes, the centre 
for which is situated in the lumbar portion of the spinal 
cord. 

Eredion. — The sexual centre is put into action by : 

{a) Irritation of the sensory nerves in the glana penis. 

(6) Cerebral (emotional) influences. — Though the action 
of the sexual centre can be excited and strengthened by 
cerebral impressions, neither erection nor ejaculation can be 
directly brought about by an effect of the will 

As the result of the stimulation of the sexual centre, an 
impulse is generated which travels along the nerve erigentea 
and inhibits the local nervous mechanism in the blood- 
vessels of the corpora cavernosa; vascular dilatation, en- 
gorgement, and erection follow. The course of the Hbrea 
through the cord is not known. 

Ejaculation results from a more powerful and prolonged 
peripheral irritation, while the activity of the sexual centre 
is further strengthened by emotional impulses, 

Inhi'jitioTi. — The sexual, like other reflex acts, can be 
inhibited by an effort of the will, emotional impressions, etc. 

Alteratums in disease. — Destruction of the reflex centre 
(lumbar portion of the spinal cord), or of the nerve erigentes, 
destroys the power of erection and ejaculation, and causes 
impotence. 

General spinal weakness, a condition which sometimes 
results from sexual excess, is frequently attended by a con- 
dition of irritable, weakness of the sexual centre; erections 
are more readily produced by emotional influencts than in 
health, but soon pass off; ejaculation is frequently pre- 
Sjatnre. 
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§ 94 Priapism. — ^Erection without sexual desire — ^is usoally 
incomplete. Occasionally the erection is complete; it may then 
be painfiil. The condition may persist for several days. 

Priapism may result from — 

1. Excessive stimulation of the sensory peripheral nerves, 
going to the sexual centre, as in gonorrhcea. 

2. Direct irritation of the sexual centre; this cause is 
probably very rare. 

3. Irritation of the fibres which conduct exciting (emo- 
tional) influences from the brain. This is the cause of the 
great majority of cases of priapism which are due to central 
disease. The lesion is usually situated in the lower cervical 
or upper dorsal region of the cord.^ 

4. Theoretically priapism may be due to irritation of the 
cerebral centres, which generate the emotional influences 
that excite the sexual centre. Possibly this is the cause of 
the sexual derangements which occur in some cases of insanity. 

§ 95. ScUyrtasis. — In some cases of locomotor ataxia, a 
condition of satjrriasis is met with. It probably results from 
irritation, in the lumbar region of the cord, of the sensoxy 
nerve filaments, which proceed from the sexual organs upwards 
to the brain. 



§ 96. Th^ reflex fundion^ of individtuU segrrietUs, 

In the following table the segments of the cord, with which 
the different reflexes are connected, is shown : 

Table thowmg (he aegmenU of the card with wMch the different reflexes 

are connected. 

Cervical T^j 

2J 

4 



g ^Epigastric. 



1 It is an interesting fact in this connection, that Tiolent palpitation dne to 
irritatioB of the (spinal) fibres of the sympathetic iu the same region, is sometimes 
seen in young subjects as the resnlt of sexual exoessi 
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, 1 Patellar tendon 
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Plantar. 
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§ 97. THE COSDmoN OF THE PUPIL. 

Alterations in the condition of the pupil are frequent 
in diseases of the spinal cord. In some cases the alteration 
is due to disease in the cilio-spinal region, which corresponda 
to the two lower cervical and upper three dorsal segments; 
from this cilio-apinal region sympathetic fibres pass to the 
radiating muscular fibres of the iris ; irritation of the sympa- 
thetic fibres produces dilatation, while their sudden destruction 
is attended by contraction of the iris. In others, and these 
are probably the majority, the derangement is due to an 
associated lesion above the cord ; in locomotor ataxia, for 
example, the loss of the pupil reflex to light is a very 
constant and important symptom, and is probably due to 
a lesion in the neighbourhood of the corpora quadrigemina. 
The mechanism of the pupil reflex and its derangements 
belong rather to cerebral than spinal patholc^. I shall 
not enter into the subject now, further than to say that 
irritative lesions in the cilio-spinal region of the cord may 
be attended with dilatation, while destructive lesions may 
pTodnce contraction of the pupil. 



§ 98. CO-ORDJNATION AND THE MUSCULAB SENSE. 

Locomotor ataxia is the disease par exedlence in which 
spinal co-ordination is deranged. Before the days of Duchenne, 
this afiectioD was included with the various forms of motor 
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paralysis, under the common term paraplegia ; we now know 
that there is no paralysis, but that the (£fficalty in walking 
is entirely due to inability to combine (co-ordinate) the 
muscular movements of the lower extremities. In the great 
majority of cases, the inco-ordination only involves the lower 
extremities. In the later stages of the disease, the upper 
limbs may also be affected. 

The inco-ordination results from the fieu^t,. that peripheral 
impressions passing from the skin, muscles, tendons, ligaments, 
and joints of the lower extremities, are arrested in Uie postero- 
external column of the cord : the reflex grouping of muscles is 
interfered with, and the perceptive and co-ordinating centres 
are not informed, or are incorrectly informed, of the manner 
in which the muscular movements are being carried out 
The patient endeavours to remedy the defect by the aid of 
sight 

§ 99. Mode of testing co-ordination. — The co-ordinating 
power is tested by making the patient perform different mus- 
cular movements, and by observing the regularity and order 
with which they are executed. In testing the condition of 
co-ordination in the lower extremities, the patient should 
first be made to walk in a straight line. (In hospitals where 
the floor is uncarpeted, he may be told to follpw the line of 
one of the boards). This test is, as a rule, satisfactorily 
accomplished, provided that he is allowed to look at his feet 
and on the ground ; the movements are, however, markedly 
irregular, the legs are thrown out with a jerk, and the heels 
brought to the ground with a stamp. He should then be 
made to raise lus eyes from the ground, and told to walk 
across the room; die movements now become extremely 
unsteady, indeed, in many cases, the patient dare not, or 
cannot, walk at idL 

The power of haJUincing the body in the erect poeition is also 
impaired or lost in cases of locomotor ataxia. In testing the 
balancing power, die patient should be made to stand upright, 
with the heels close together. When the inco-ordinating power 
is seriously deranged, he is unable to maintain this position, 
even with his eyes open, but requires to separate his feet in 
order to make Us base of support as broad as possible. In 
slight cases, closing the eyes when the heels are together. 
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alwaya makes him totter and faU. Inability to maintain the 
erect position, when the eyes are closed, though always pre- 
sent in locomotor ataxia, is not, as waa formerly supposed, 
pathognomonic of that affection ; any lesion which arrests 
the upward passage of peripheral impressions from the skin, 
muscles, ligaments, and joints of the lower extremities, will 
necessarily disturb the power of maintaining the body in the 
erect position when the eyes are closed. 

§ 100. The mmcular swtsc is tested. (1.) By observing the 
power of discriminating different weighta. In applying this 
test in the case of the upper extremity, the test objects must 
be identical in every respect except their weight, in order to 
avoid the possibility of the patient getting at the result by 
the aid of sight or touch. Metallic balls of a uniform size, 
covered with leather, answer the purpose welL In testing 
the muscular sense of the lower extremity, the weights must 
be suspended from the foot in a handkerchief or by some other 
means. 

(2.) By directing the patient, the eyes having been closed, 
to touch a given spot ' — say, the tip of the nose — on the sur- 
face of his own body, or to perform certain movements when 
the eyes are closed. In applying this test to the muscles of 
the lower extremity, the patient should be placed on his back 
in bed, his eyes should then be bandaged, and he should ba 
directed to place bis legs in various positions. He may be 
told, for example, to raise his foot to a given height, and then 
to lower it slowly until the heel rests on the opposite great 
toe. 



§ 101. THE CONDITION OF THE SENSORY FUNCTIONS 
OF THE SKIN. 



In testing the condition of the sensory nerve appar- 
ns, the exact character and distribution of any subjective 



' la healtb ws i»a touch ui; givsn spot on the Burlaoe o[ ths body (the ajta 
baing clased) with quicknesi aod aerUinl;; but when the mnscukr aense !b im- 
paired, tha patisnl is DO longer kept lufortned o[ the numDer in which the muwlM 
Kra ooatrHting, had tbo moTemeat ii more or lea* impertectl; peifonued. 
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alteiations of sensihility, such as pain, numbness^ beat^ ete^ 
most be carefully noted; and the objective lenaibility to 
touch, pain, and temperature, in the different senaitive aieaa 
must be investigated. The mode of investigating the senoorjr 
of the skin is as follows: 



§ 102. Method of taUng ihe iadik smsfbUiif.—bi testing 
the sense of touch, and dso the sense of temperature, the 
following preliminary precautions must be adopted, if accurate 
results are desired : 

1. The nature of the test must be deady explained to 
the patient^ whose intelligent oo-op^mtion is abs<dutely 
necessary. 

2. His eyes must be carefidly blindfolded, so as to 
eliminate the possibilty of his getting at the results by 
aid o{ vision. 

3. His statements must» from time to time, be checked 
by blank experiments. This precantion is very necessary. 
Where, for example, the sensibility of the slon is quite 
normal, the patient frequently answers carelessly and 
erroneously. Blank experiments aid us in detecting this 
error. Again, in cases of anesthesia, patients who are 
doing their best to answer correctly, often profess to feel 
contact impressions when no contact has been made. Such 
erroneous statements can only be detected by means of bkmk 
experiments. 

The following points are then to be investigated : 

1. The capacity of perceiving coiUact ianpreseums. 

In order to test this point, the skm is to be gently 
touched with some light object, such as a hair or feather, and 
the patient interrogated as to whether the contact is per- 
ceived or not 

Any marked departure from the normal rapidity with 
which contact impressions should be perceived, must also be 
noted. 

2. l%e power of loealisinff coniad impreeeione. — Different 
parts of the skin are touched, and the patient is told to state 
the exact point where he feels the contact 

3. The degree of aeneibility in different localities. — ^The 
sensibility of the sldn may be measured in the following 
ways: 
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(a) Objecta of different shapes, such as keys, coins, different 

weights, etc, are placed on the skin, and the patient is asked 
to describe them as accurately as possible. The observer should 
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gauge the results hj similar contact expeiiments on his own 
person. 

In estimating the sense of pressure, weights of known 
capacity may be placed on the skin, as proposed by Weber. 
In applying this test, care must be taken to elimmate the 
muscidar sense. It is necessary that the part, the pressure 
sensibility of which is being tested, should be placed at rest 
and supported. 

(b) The minimum distance at which two distinct contact 
impressions are perceived, is to be ascertained by means of the 
.^sthesiometer ^ (see figs. 99 and 100, on the preceding page). 

This instrument consists essentially of a pair of com- 
passes, the points of which are blunted, so ad to avoid the 
possibility of a contact with the skin producing pain; a 
result wMch would vitiate the experiment so far as tactile 
impressions are concerned. 

In using the instrument, the following points must be 
attended to : 

1. The preliminaiy precautions mentioned on page 134 
must be carefully observed. 

2. The two points of the instrument must be applied 
gimtUtaneoudy, and the contact must be a gentle one. 

If one point touches the skin before the other, two contact 
impressions are of course perceived, and the whole object of 
the experiment is frustrated. Again, if the instrument is 
forcibly applied, one contact only is perceived, or a painful, 
instead of a contact impression may be product. 

3. In comparing the sensibility of different localities, the 
relative direction of the two points with respect to the axis of 
the limb must always be the same — always transverse, or 
always longitudinal — for the minimum sensibility-distances 
in the transverse and longitudinal directions are somewhat 
different 

Where the derangement of sensibility is unilateral, the 
standard of comparison for any given locality is the minimum 
distance at which two points can be perceived on the corre- 
sponding part of the opposite (healthy) side of the body. 
Where Uie derangement of sensation is bilateral the results 
obtained must be compared with those given in the following 
table: 

1 The .Stthedometer test is a rerj uiiBatisfactory one at the bedside* 
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Tip of tongue, 1.1 It 

PaJm of last phftlfttix of finger, . 2.2 

Palm of second pbalani of finger, . 4.4 

Tip of noae, 6.6 

White parts of lips, 8.8 

Back of Becond phalanx of finger, . . 11.1 

Skin over malar bono 16.4 

BackofiiEind 29.8 

Forearm, 39.6 

Sternnni, 44.0 

Bftck, . . 66.0 



§ 103. Method of testing sensibility to temperature. — 
1. The preliminary precautions mentioned on page 134 must 
be carefully observed. 

2. The temperature sensibility is then to be tested by the 
alternate application of test tubes, containing water at different 
temperatures. In order to eliminate the possibility of the 
patient arriving at a correct result by the sense of touch, the 
test tubes must be of the same size. 

Care must be taken that the temperature of the test tubes 
differs from that of the skin, for otherwise a simple contact- 
sensation will be the only result. 

§ 104 Method of testing the sejmbility to pain. — Sensibility 
to pain is best tested by pricking or pinching the skin, apply- 
ing a hot test tube, or a powerful interrupted current to the 
dry skin with dry electrodes. 

In testing the sensibility to pain, the nature of the test 
should not be previously explained, but the patient should be 
taken unawares; for, if he is prepared for the test, he may be 
able to inhibit any external manifestation of suffering, and to 
falsify the result. 

§ 105. The sensory funelions of individiiol segments. — 
The exact sensory functions of individual segments have 
not, as yet, been definitely determined, but by referring to 
figs. 101, 102, 103, and 104, an approximate idea, at all 
events, can be obtained of the segments with which the 
sensory nerves supplying different tracts of skin are con* 
nected. 
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§ 106. Spijial atuEsthisia, like spinal paralysis, is generally 
bilateral and symmetrical. The auiestheata is seldom abso- 
lute In some cases, all forma of cutaneous sensibility are im- 
paired ; in others, one only is affected, or one escapes ; thus, 
in many cases, sensibility to pain is lost, while sensibility 
to touch and sensibility to temperature remain. Occasion- 
ally tactile sensations are not perceived, but sensibility to pain 
and to temperature is retained ; much more rarely temperature 
sensations are lost or diminished, while tactile and painful 
impressions are preserved. Subjective sensations, such as 
numbness, tingling, ' pins and needles,' are usually experienced. 
Where the lesion involves the posterior root-fibres, before they 
have joined the grey matter, 'lightning' pains are often pro- 
minent. In the great majority of cases other signs of spinal- 
cord disease, snch as disturbances of motion, are associated with 
the aniEsthesia. The sensibility of the face is not aft'ected. 

In unilateral lesions the anresthesia is situated on the 
opposite side to the lesion in the cord, as is represented in 

The most frequent clinical causes of spinal antesthesia are 
sclerosis of the posterior columns (locomotor ataxia), myelitlB, 
compression of the cord (acute and chronic), and cerebro- 
spinal sclerosis. 

§ 107. ^nal ffypercEstheeia may be functional, as in cases 
of spinal irritation; or organic. The latter form (oi^anic 
hyperBEsthesia) is often associated with amesthesia. The most 
frequent clinical causes of organic spinal hypertcathesia are 
meningitis, compression of the sensory nerve reots and loco- 
motor ataxia. 

§ 108. Pain re/erred to the spinal column. — Pain in the 
spine is a prominent symptom of spinal meningitis : but it 
is by no means pathognomonic, for it is met with iu many 
other conditions. It is, however, important to remember that 
this form of pain {i.e., pain referred to the spinal column) 
rarely results from organic lesions of the cord itself The 
spinal cord, like most other organs — as the liver or the brain 
— may be affected with severe inflammatory conditions with- 
out the slightest pain being experienced by the patient. This 
statement only holds good, so long as the lesion is confined to 
the interior of the organ. Should the inflammatory process 
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extend to the aerous coverings, which are richly supplied with 
sensory nerves, or should it involve the posterior root-iibres 
before they have entered the grey matter, severe pain will 
be felt. Now, in many affections of the spinal cord, the 
membranes are involved j and in such cases pain in the hack 
may be experienced. 

It will perhaps be well to mention here the more im- 
portant conditions which give rise to pEiin referred to the 
spinal column. They are as follows : 

1. Infiammatory affections of the akin and subcutaneoiu 
celltUar tissue over the spiiie. — In these cases there is tender- 
ness on pressui'e, swelling, and other evidence of local 
disease. 

2. Muscxdar rhevmatism (lumbago). — The commencement 
of the attack is acute; the course rapid. Any movement of the 
affected muscles aggravates the pain, rest and support relieve 
it; there is tenderness on pressure. There is seldom any 
affection of the general health ; there is no marked pyrexia. 

3. Small-pox, yellow fever, and many other infectious diseases 
are ushered in by severe back-ache. — The associated symp- 
toms, which I need not here describe, indicate the nature of 
the case. 

4. Disease in or about the kidney. — Inflammation of the 
peri-nephritic cellular tissue, a renal calculus, and acute con- 
gestion of the organ are the chief diseases of the kidney in 
which pain in the back is experienced. The condition of 
the urine, the character of the pain, and the physical examina- 
tion of the lumbar region, are the chief points to which atten- 
tion must be directed in making a diagnosia 

5. Disease of the vertebrm. — This is a prominent cause of 
pain in the spinal column. The bone disease may be pri- 
mary, or it may result from the pressure of an aneurism or 
cancerous tumour. In Pott's disease the general health is, 
BS a rule, profoundly affected. Displacements of the verte- 
brse often cause curvature of the apinal column. Tenderness 
on peroussion, but especially on movement of the diseased 
surfaces, is highly characteristic; to avoid jarring of the 
bones, the patient instinctively keeps the spinal column rigid 
and still ; he will not stoop down to the floor, nor jump on 
his heels. Symptoms due to associated meningitis, pressure 
upon the nerve roots or coid itself, may be prominent features 
of the case. 
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In aneurism, abdominal cancer, and other aBectiona im- 
plicating the spinal column, a careful physical examination 
can alone decide the exact nature of the case. 

6. Uterine disease, ulcer of the stomadi, etc In these cases 
the pain la probably reflex. There is usually no difficulty 
in making a diagnosis. Assuredly, pain in the spine, due to 
these causes, is not likely to be confounded with the pain of 
meningitis or of cord disease, 

7. Neuralgic affections, iqniuxl cxhaiistion, spiiial irrUation. 
— In all of these cases pain referred to the spine may be a 
prominent symptom. 

In 'spinal irritation' the patient usually is a young 
woman ; marked hyperiesthesia is present ; no apparent 
cause for the pain can be discovered ; there is no evidence 
of oi^nic disease of the cord, membranes, or bones ; symp- 
toms of hysteria are often present ; the general health ia 
usually below par; aneemia or uterine derangements are 

8. Spinal meningitis both acute and chronic. In this 
condition, pain in the back is usually well-marked. It ia 
generally a^ravated by movements of the spinal column. 
In the earlier stages, i.e., during the period of irritation, hyper- 
iesthesia of the skin, and sharp shooting pains, radiating in 
the sensitive areas of affected nerves, are usually present 
Symptoms of motor irritation (twitchings, cramps, spasms, 
contractions, etc.) in the muscles supplied by the afl'ected 
(compressed) anterior roots are also observed, and are due, 
either to irritation of the anterior or of the posterior nerve 
roots. In the latter case the muscular spasms are reflex. 
Paralytic symptoms (ana;sthesia and muscular paralysis) sub- 
sequently occur. When the inflammation extends to the 
spinal cord itself, symptoms of myelitis, or slow compression, 
are developed, 

9. Tumours within the spinal cord. — The symptoms are 
typical of slow compression. The diagnosis of a tumour is 
sometimes easy, as, for example, where there is associated 
malignant disease elsewhere (in the liver, pelvis, etc.). In 
other cases a positive opinion can hardly be given, and the 
diagnosis can only be arrived at by exclusion: — the absence of 
the symptoms and signs of Pott's disease ; the absence of any 
apparent cause of meningitis; the very gradual onset and steady 
advance of tlie symptoms, etc., etc. 



i 



THE SPLVjLL coed. 



§ 109. THE VABO-MOTOR AND TROPHIC CONDITION OF THE 
SMS AND JOINTS. 
Irritotion of the fibres of the sympathetic in the cilio- 
spinal region produces pallor, diminution in the tempera- 
ture and in the secretion of sweat on the same side of the 
head and neck, together with contraction of the pupil. 
Destructive lesions in the same region may produce dilatation 
of the blood-vessels, redness of the skin, increased temperature, 
increased secretion of sweat, and dilatation of the pupil. 
Alterations in the vaso-motor condition of the skin of the 
limbs and trunk are also seen in some cases of cord disease. 
Lesions of the anterior nerve roots are sometimes attended 
with cedema of the parts to which they are distributed, in 
addition to the motor paralysis. 

Alterations in the trophic condition of the skin are not 

I imconunon. Sloughing is the most frequent and important. 

In cases of paraplegia, in which the vitality of the skin is 

I lowered, any external irritation is apt to be followed by 

destructive inflammation. In cases of paraplegia, therefore, 
cleanliness must be scrupulously attended to, and the greatest 
care taken to avoid any undue pressure. Bed-sorea occa- 
sionally form with great rapidity and in spite of the most 

I careful att«ntion. Professor Charcot, to whom we are indebted 

' for much information on this subject, behevea that the acute 

form of bed-sore, results directly from the spinal lesion, and 

118 due to irritation of the grey matter. 
Trophic alterations in the bones and joints occur in a small 
proportion of cases of locomotor ataxia. The aifected joints 
rapidly become disorganised ; spontaneous fractures of the 
bones occur; the affection is a painless one. Professor 
Charcot believes that the joint affection is due to extension 
of the lesion from the postero-estemal columns to the anterior 
coruua ; hut this explanation is disputed by other authorities. 
Dr Buzzard suggests, that the seat of the lesion is the 
medulla oblongata. 
inve 
tion 



§ 110. THE CONDITION OF THE SPINAL COLUMN. 
The condition of the spinal column must be carefully 
investigated in all cases of cord disease, by inspection, palpa- 
tion, and percussion. 
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Inypectiatk — Irregvlarities are seen in most cases of fracture 
and luxation of the vertebrae. Curvatures and irregularities 
are also observed in some cases of Pott's disease. 

Palpation and percussion. — The spine should be per- 
cussed from behind, and the bodies of the vertebrae should be 
palpated from the front : pain sometimes is elicited, and swell- 
ing occasionally perceived, by this method of examination, 
when the examination of the spinal column from behind 
reveals no abnormal condition. In cases of Pott's disease, 
movement of the spinal column almost invariably gives rise 
to complaints of pain ; this is a very valuable diagnostic, but 
it is not pathognomonic, for in other cases in which there is 
no bone disease, primary meningitis, for example, the pain is 
usually increased by movement of the spinal column. 

Tlu hot sponge test, — ^A sponge wrung out of water, not 
sufficiently hot to produce a sensation of pain in a hecdthy 
individual, is drawn slowly over the vertebral spines. A 
painful sensation is sometimes experienced at the seat of 
the disease. It was formerly thought to be indicative of 
myelitis, but is probably only a test of hyperaesthesia. A 
piece of ice may be substituted for the hot sponge, with 
the same resfult. 



§ 111. The Condition of the other Parts of the Kervous 

System. 

The mental faculties are usually clear in cases of cord 
disease, but pontine, medullary, and cerebral complications 
are not uncommon. Polio-myelitis anterior acuta, like all acute 
affections in the child, may be ushered in by an epUeptiform 
convulsion ; and during the febrile stage, mild delirium may 
occur. Spinal Tneningitis is frequently associated with inflam- 
mation of the cerebral meninges ; in such cases the cerebral 
S3rmptoms are usually the most prominent In cerebro-^nal 
sclerosis, headache, vertigo, alterations in the mental condi- 
tion, disturbances of speech, and derangements of the special 
senses, may be marked symptoms; but in some cases the 
symptoms are for a time chiefly spinal, and a separate variety 
of the disease (disseminated sclerosis limited to the cord) is 
accordingly described by some writers. 

But in those affections which are usually classed as 
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distinctly spinal, derangements of the parts supplied by cranial 
nerves, are also obser\'ed. In locomotor ataxia, abolition of the 
pupil-reflex to light, is one of the earliest and most constant 
symptoms, wliile temporary paralyses of the miisclea of the 
eyeball, ptosis, and grey atrophy of the optic discs, occur 
in a large proportion of cases. Lightning pains occasionally 
radiate in the sensitive area of the fifth nerve. It is par- 
ticularly important, therefore, to observe the condition of the 
muscles of the eyeball and of the iris, and the state of the 
optic discs in supposed cases of locomotor ataxia. Tlie 
symptoms of locomotor ataxia are not unfrequently developed 
in the course of general paralysis of the insane. The charac- 
teristic sense of well-being and other delusions occur in cases 
of this description ; but in ordinary cases of locomotor ataxia, 
such as one meets with in private practice, the mental faculties 
are usually quite clear. 

In amyotrophic lateral sclerosis, and Landry's paralysis, 
and in some cases of progressive muscular atrophy, the morbid 
process has a strong tendency to extend to the medulla 
oblongata — an event which is followed by bulbar symptoms, 
and (usually) by speedy death. 



§ 112. The Oondition of the other STatems iind OrgaiiB. 

Alimentary System. — In the great majority of chronic 
cord diseases, the appetite is good, the digestive process 
normal, and the nutrition of the body well preserved. 

Acute diseases of the spinal cord are attended with tlie 
same demngements of the digestive system (loss of appetite, 
thirst, constipation, etc.) which occur in otiier acute aflections. 

Constipation is a common symptom in cases of paraplegia, 
end is in many cases due to paralysis of the intestine. 

Attacks of vomiting and gastric pain — the so-called gastric 
criaes — occur in some cases of locomotor ataxia, and are pro- 
bably analogous to the lightning pains. These attacks occur 
more frequently in women than in men, and, as Dr Buzzard 
has pointed out, are often associated with the peculiar joint 
affection described by Charcot. Violent attacks of vomiting 
are also occasionally observed in cases of hysteria. 

Meleorismm, depending upon paralysis of the intestine, 
eometimes occurs. When it appears towards the end of a 
case of myelitis it is a serious indication. 



i 
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§ 113. The Circulatory Organs. — As a general rule the 
heart and great blood-vessels are healthy in cases of spinal 
cord disease. Aortic regui^itation and aortic disease (atheroma) 
are occasionally associated with locomotor ataxia. In func- 
tional derangements of the cord, palpitation of the heart with 
or without irregularity, is a frequent symptom ; and neurotic 
disturbances of the heart also result &om lesions in the upper 
cervical region. 

§ 114. Respiratory Organs. — Complications on the part 
of the respiratory organs, such as phthisis, bronchitis, and pneu- 
monia, are frequently the cause of death in cases of cord disease. 

Spinal lesions which involve the nerve supply of the 
diaphragm or intercostal muscles may be attended with severe 
dyspntea ; a trivial bronchial catarrh may cause serious 
symptoms, and prove fatal under such conditions. 

In progreasive muscular atrophy, and still more frequently 
^ i^ amyotropliic lateral sclerosis, serious respiratory disturb- 
ances and speedy death may, as I have previously remarked, 
I'esult from extension of the morbid process to the respiratory 
centres in the medulla. 

8 115. Urinary System. — In some cases of acute myelitis, 
involving the lower portion of the cord, the urine rapidly 
becomes ammoniacal and loaded with phosphates, muco-pua 
and vibriones. In some cases, the inflammatory afTection, 
which has originated in the bladder, extends to the kidneys, 
and death quickly follows; Professor Charcot thinks tliat 
the cystitis is, in these cases, a trophic disturbance, analogous 
to the acute bed-sore, and that it is a direct result of the 
spinal lesion. In other cases — and they constitute the large 
majority—the decomposition of the urine, and the cystitis 
are caused by the introduction of septic mattei-s from withouL 
The infective process thus established may subsequently 
extend to the kidneys. This danger must always be kept in 
view in the treatment of cases of paraplegia, and the greatest 
attention paid to the cleansing and disinfection of bougies and 
catheters. 

Excess of phosphates occurs in many coses of cord disease, 
independently of bladder jmralysis ; the quantity of urine 
!~ "'neaaive ; ita reaction acid or neutral ; its specific 
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In some cases of hysterical patnplegia large quantities of 
limpid urine are evacuated ; occasionally the urinary secretion 
is entirely suppressed. 

§ 116. The Istegcmentaht System. — The tropliic altera- 
tions of the skin, which result dirfctly from spinal lesions, have 
been already alluded to. Tlie ordinary forms of skin eruption 
are, of course, occasionally met with, as accidental complica- 
tions. Syphilitic eruptions are of great importance, and 
indicate a specific treatment for the spinal lesion. 



THE DU.ONOSIS. 
§ 117. Step No. 1. Presuming that the syiuptome suggest 
disease of the spinal cord, the first step in the diagnosis is 
to determine whether the lesion is actually situated in this 

I part of tiie nervous system. 

I Typical cases present no diflBculty. As the result of ex- 

perience — clinical examination verified hy post-mortem ex- 
amination — we know that, certain symptoms, or rather certain 
combinations of symptoms, indicate a spinal lesion. But coses 
are not always typical, and the most experienced may some- 
times hesitate before forming a definite opinion. 

Now, the only true and scientific method of coming to a 
correct conclusion is to make a thorough and accurate ex- 
amination of all parts of the nervous system, and then to 
draw a logical conclusion from tlie whole facts of the case. 
Due weight must be given to individual symptoms ; and it is 
here that experience and a large practical acquaintance with 

I disease give snch essential information. 
In some cases we have recourse to the 'method of occlusion.' 
We endeavour to satisfy ourselves that there is no other lesion, 
either above or below the cord (i.e., no peripheral or cerebral 
lesion), capable of producing the symptoms. 
Cerebral parapkgia, peripheral paraplegia, spinal hemiplegia, 
and spiiml mA>nopl(gia, may be instanced as some of the cases 
in which the difficulties, I have just alluded to, may occur, 
cau 
the 
cerl 



§ 118. Cerebral paraplegia. — This rare condition may be 
caused by a lesion in the pons, or medulla. Derangements of 
the parts supplied by some of the cranial nerves will almost 
certainly be present, and when present are quite distinctive. 
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Cerebral paraplegia may also result from two separate and 
distinct cerebral lesions, as, for example, two independent 
haemorrhages in the motor areas of both hemispheres. There 
is in such cases a history of two distinct attacks of hemi- 
plegia: the lower facial muscles of the side most recently 
affected, will probably be paralysed : there is usually some 
disturbance of the mental condition, loss of cerebral control, 
etc. : the condition of the reflexes corresponds to a cerebral 
lesion, the superficial reflexes being abolished or diminished, 
the deep reflexes exaggerated. 

§ 119. Peripheral paraplegia. — ^Where a peripheral lesion 
is so situated as to interfere with the motor nerve supply of 
corresponding parts on both sides of the body, paraplegia may 
result, and the case may be mistaken for one of spinal cord 
disease. A tumour pressing upon the cauda equina, or a 
cancerous tumour within the pelvis, pressing upon the great 
nerve trunks which supply the lower limbs, are good ex- 
amples of such lesions. In cases of peripheral paraplegia 
severe pain is generally a prominent symptom ; indeed, the 
term 'paraplegia dolorosa ' is almost equivalent to paraplegia, 
resulting from a peripheral lesion : a tumour pressing upon 
the csmSsl equina irritates the sensory fibres of the posterior 
roots ; a tumour within the pelvis produces pain, by irritating 
the sensory fibres of the sensory-motor nerve trunks. In 
many cases of peripheral paraplegia the condition termed 
ancestheda dolorosa, is also observed. Irritative phenomena, 
cramps, spasms, etc., are sometimes seen in the paralysed 
muscles. The reflexes may be at first increased, but are 
usually diminished or abolished. The affected muscles become 
markedly atrophied. The diagnosis of peripheral paraplegia 
must be based upon : (1) the nature of the symptoms ; and 
(2) the fact that there is evidence of local (peripheral) 
disease, such as caries of the vertebrae, a tumour within the 
pelvis, etc. 

§ 120. Spirud hemiplegia. — This condition has already been 
alluded to in speaking of unilateral lesions. It usually results 
from traumatic injuries or compression of the cord. Occa- 
sionally it is produced by a lesion arising within the cord 
itself, such as myelitis, polio-myelitis anterior acuta, or an 
intra-medullary tumour. 
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Spinal hemiplegia is easily distinguished from cerebral 
hemiplegia, by attention to the following points : — In spinal 
hemiplegia the face and tongue are not paralysed. There is 
no derangement of the cerebral functions. Anaesthesia is 
generally much more marked than in cerebral hemiplegia, and 
is situated on the opposite side to the motor paralysis. The 
skin on the puulysed side may be hypereesthetic. The 
paralysed muscles may undergo rapid atrophy.^ 

§ 121. Spinal monoplegia, — This condition may result from 
traumatic injury, or compression of the cord, or from polio- 
myelitis anterior acuta. It is to be distinguished from cerebral 
and peripheral paralyses affecting one limb only. 

§ 122. Certbral monoplegia. — The distinction from cerebral 
monoplegia is not difficult In cerebral cases there is no 
sensory derangement ; the paralysed muscles do not undergo 
rapid atrophy ; there are no qucditative electiical alterations. 
In the later periods, the paralysed muscles, especially the 
flexors, become rigid. The alteration of the reflexes corres- 
ponds to that met with in cerebral lesions. The history and 
mode of most of the attacks may be distinctive. Other cerebral 
symptoms are usually present Localised epileptiform con- 
vulsions, headache, vomiting, and optic neuritis, are often 
observed, for a cerebral monoplegia very generally depends 
upon a ' coarse ' cortical lesion. 

§ 123. Peripheral m^moplegia, — ^This condition may result 
from traumatic injury, or compression of the laige nerve 
trunks. The sensory functions are profoundly affected; in 
the earlier stages there is usually pain and hypersesthesia, 
later anaesthesia and analgesia occur. In severe cases the 
paralysed muscles are markedly atrophied. The ' reaction of 
degeneration' is present in acute cases. The reflexes are 
diminished or abolished. 

A tumour within the spinal canal may produce a mono- 
plegia. Sensory disturbances, due to pressure on the posterior 
nerve roots, are usually well marked, and symptoms due to pres- 
sure on the cord itself are generally present 

1 This of oourte depends upon the position of the lesion with ragsrd to tliA 
uorve nuoleL In oerebnd oases rapid atrophy does not oocur 
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§ 124. Spijtal monoplegia, the result of polio-myelitis wnttrior 
aeuta. — Spinal monoplegia occaeioually resulta from acute 
deatruction of one anterior horn of grey matter, but the 
diagnosis in these eases presents no difficulties ; in the great 
majority of cases the patient is a child ; the onset is acute, 
and is attended with fever; the aflbt^d muscles are flaccid ; 
some of them undergo atrophy, and present the ' reaction of 
degeneration ; ' their reflexes are diminished or abolished. 
There are no marked sensory disturbances ; the functions of 
the bladder and rectum are not interfered with. 

§ 125. Stq) Ifo 2. — Supposing that the symptoms indicate 
disease of the spinal cord, we must next determine whether 
they are genuine or not 

Symptoms are seldom deHberately manufactured, but 
patients freciuently exaggerate their complaints ; sometimes 
deliberately, with the intention to deceive ; in most cases more 
or less unconsciously. 

Deliberate exaggeration or imposture may be sugpecled 
when there is no evidence of organic disease, and when there 
is some obvious inducement for deception. But a diagnosis 
of feigned disease should never be based on negative evidence 
alone. Such an opinion is only to be given when it can 
be supported by some positive fact or facts. Positive 
evidence of imposture may be forthcoming in the shape of 
anomalous symptoms ; such, for example, as the unnatural 
distribution of the paralysis, or some marked pecuharity in 
the mode of onset or course of the case ; but the facta 
which lead to a definite opinion of imposture are usually 
non-medical. 

§ 126. Step No. S. — Having come to the conclusion 
that the symptoms are genuine, we must next determine 
whether thn) are caused by functional derangement or by 
organic disease. 

The decision is, in some cases, easy, in others difficult or 
impossible. Local muscular atrophy, the 'reaction of de- 
generation,' true spinal inco-ordination, and paralysis of the 
sphincters, are proof positive of oi^nic disease; but the great 
majority of spinal symptoms occur both in organic and 
functional derangements. In doubtful coses, the differential 
dy be made by taking a comprehensive view 
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of all the faots ; bv paying particular regard to the mode 
of development and grouping of the symptoms, iEmd to tlie 
general features of the ease. The presence or absence of 
disease in tlie otlier parts of the nervous system must be 
carefully noted. The condition of the other systems and 
oi^gans must, of course, be observed. 

In some cases it is impossible to give a decided opinion at 
Uie first visit We mtist then be content to make a T)ro- 
visional diagnosis ; to await the course of events ; ana to 
throw light upon the case by particular modes of treatment 
(thenii)eutic diagnosis). 

The functional conditions which are liable to be mistaken 
for organic disease, are for the most part characterised by de- 
rangtunent of the motor nerve apparatus: cases in which 
the sensory functions are alone ]perverted, seldom give rise to 
difticulty. Ifyderioal paraplegxa^ paralt/sia dtpetidiiig vjum 
iddo, rej^t malarial^ and alooholio paraplegia, are some of the 
best marked types. 

§ 127. ffjfBierieal Paraplegia. 

Before entering upon the differential diagnosis of hysteri- 
cal paraplegia, it is necessary to insist upon the fact, tliat all 
oases of paraplegia occuring in hysterical patients, are not 
necessarily functional. 

Hysteria is fhsquently associated with organic disease of 
the nervous system. It is essential, then, to remember that 
the presence of hysteria, or a history of hysterical fits, is only 
corroborative evidence, and tliat a diagnosis of hysterical para- 
plegia should not be made unless tJie most scrupulous ex- 
amination has failed to detect the signs and symptoms of 
organic disease. 

TKe condition of the muedee, — There is nothing distinctive 
in the condition of the paralysed muscles in cases of hysteri- 
cal paralysis. In some, the loss of motion is incomplete ; in 
others, all motor power is abolished. The paralysed muscles 
are sometimes flaccid ; in other cases tliey are rigid, tlie re- 
flexes are exaggerated, the ankle clonus is present, and the 
condition exactly resembles tlte spastic paraplegia, which re- 
sults {torn organic disease. Where the pamlysis is of long 
duration, the muscles may become wasted, but there is never 
local atrophy. The 'reaction of degeneration' is never present 
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The condition of the muscles at the upper level of the 
paralysis must be carefully noted; for, in some cases of 
spastic paraplegia, it enables us to decide whether the 
paralysis is due to organic causes or functional disease. In 
cases of spastic paraplegia depending upon a transverse 
myelitis, the muscles supplied by the affected segment, i,c., the 
muscles at the upper level of the paralysis, become markedly 
atrophied — a condition which is never observed in purely 
hysterical cases. 

In primary lateral sclerosis there is no local atrophy at the 
upper level of the paralysis, but that rare condition could 
hardly be confounded with spastic paraplegia, the result of 
functional (hysterical) disease. The differential diganosis of 
these two conditions wiU be afterwards considered. 

The mode of onset and course, — In some hysterical cases 
the onset is gradual ; in others sudden. The immediate de^ 
velopment of spastic rigidity would be distinctive of the 
hysterical nature of the case; for rigidity, the result of organic 
disease, is never developed suddenly. Sudden improvements 
and relapses are also characteristic of hysterical and other 
forms of functional paralysis.^ 

T?ie condition of the senary functions. — In hysterical cases 
sensory disturbances are usuaUy present. All forms of skin 
sensibility may be abolished. In some cases there is complete 
insensibility to pain, but sensibility to touch and temperature 
remains. Dr Drummond ' thinks this condition distinctive 
of hysteria. In others, again, there is hyperaesthesia. Accord- 
ing to Duchenne, paralysis, with abolition of the muscular 
sensibility, is characteristic of hysteria. This opinion is, how- 
ever, disputed by some recent writers.* 

The condition of the bladder and rectum, — The sphincters 
are never completely paralysed in hysterical pamplegia : re- 
tention of urine is common: spasmodic incontinence also occurs, 
After a 'fit' or emotional disturbance, the evacuation of 
large quantities of limpid urine, of low specific gravity, not 
unfrequently occurs. 



> In some cMei of oerebro-spioal sclerosis sudden variatious occur. The 
rhythmical tremor on voluntary effort, and the other features of the case would 
probably be sufficiently distinct to prevent an error in diagnosis. 

* TranMrtiotu of the Northmberland and Durham Medical SocUt}/^ February 1881. 

*^1 Trtatise on Thtraptutics, Dr Wood. Page 678. 



THE SPISAL CORD. 



155 



The age, sex, and general appearance of the patient. — 
Hysterical paraplegia is usually seen in young vxrmcn. The 
peculiar expresaioii of countenance, which Todd called the 
fades ht/sterica, may be present. 

The condition of the uteres and ovaries. — There is often 
some disturbance of the uterine or ovarian functions. 

The history. — A history of previous attacks of paralysis, 
which have been rapidly recovered from, ia very suggestive of 
functional (hysterical) disease. 

Other symptoms and signs of hysteria arc generally present, 
and are of great diagnostic value in those cases in which there 
is no evidence of an organic lesion. 



§ 128. Paraplegia depending upon Idea. 

Under the term ' Paralysis depending upon Idea,' Dr Russell 
Reynolds has described certain cases of paralysis, depending 
upon imagination. In these cases, there is no intention to 
deceive; the patients really believe that they are the victims 
of serious organic disease. Cases of this sort are quite distinct 
from ordinary cases of hysterical paralysis, and from ordinary 
cases of hypochondriasis. The patients are, for the most part, 
of a liighly nervous, and often very active mental temperament ; 
their general health is usually below par, but they do not, so 
far as my experience goes, exhibit the usual symptoms of 
hysteria. The fixed belief that they are paralysed ; and the 
concentrated attention which the affected parts receive, 
induce functional disturbances, which are often of a striking 
character ; startings, twitchings, and fibrillary tremors occur 
in the limbs and other parts of the body; aching, muscular 
(myalgic) pains are common ; the heart is easily excited ; 
palpitation is frequent ; exertion or mental excitement is 
followed by a feeling of exhaustion and fatigue. Ttie patient 
becomes impressed with the idea tliat he is unable to do 
anything; that he is paralysed, etc. There is often sleep- 
lessness and restlessness ; he wakes up towards the early 
morning hours, and rises unrefreshed. The stomach may be 
deranged ; constipation is common. On physical examination 
the reflexes — superficial and deep — are generally found to be 
exaggerated, the muscles supposed to be paralysed are usually 
soft and flabby ; in chronic cases tliere may be considerable 
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' atrophy, but it is not limited to special muscles or groups of 
' muscles — a point of importance, for, in some cases wliich have 
come under my notice, the diagnosis lay between tins condi- 
tion (ideal paralysis) and progressive muscular atrophy, Sen- 
eSnlity is not affuctad. The bladder ia healthy : the bowels, as 
already mentioned, are usually constipated. 

The loss of motor power is never complete, and often pre- 
sents anomalous characters : for example, a patient, who can 
neither stand nor walk, will move the legs in any direction 
when in bed. 

' Ideal paraplegia ' often lasts for a long time, it may be 
years ; and it is sometimes most difficult to cure. 

The diagnosis of it is to be made by attention to the 
following points : — 

1. The condition of the paralysed parts. — There is no posi- 
tive evidence of organic paralysis. The increased reflex ex- 
citability is general, andia not confined to the paralysed parts. 
The startings, jerkings, and fibrillary twitchinga are not limited 
to special muscles ; the muscles in which they occur do not 
present any special atrophy. There is no affection of the 
bladder or rectum. 

2. The mental condition and, temperament of the patient. — 
The fact that the patient's mind ia concentrated on his condi- 
tion ; that he is always thinking of his symptoms, examining 
his limbs, etc.; and that he is thoroughly impressed with the 
idea that he is the subject of serious organic disease is, in the 
absence of symptoms and signs of organic disease, a strong 
point in favour of ' ideal paraplegia. 

3. 7ft« history and process of the case. — In chronic cases 
the fact that there are no marked alterations in the condition 
of the affected muscles, ia another point in favour of ' ideal' 
paraplegia. 

In some cases there is a family history of spinal paralysis. 
The fact, of course, tells in two ways ; for, on the one hand, we 
know that nerve affections are frequently hereditary ; on the 
other, it must always be remembered that persons of a suscep- 
tible nervous temperament, wlio are brought in contact with 
disease, are very apt to imagine that they themselves are the 
subjects of it. 

4. The ejects of treatinent. — A favoujable opinion, confi- 
dently expressed, and appropriate treatment, sometimes effect 

' 1 and remarkable improvement. 
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§ 129. Malarial FarapUgia. 

Paraplegia sometimes occurs as the result of malarial in- 
fection. The pathology of the condition is unknown. The 
condition is a rare one, eveu in lualarial districts, and no case 
has come under my personal observation. The characteristic 
feature of the paralysis is, that it is intermittent, and that it 
occurs at regular intervals, just as the ordinary febrile par- 
oxysms (quotinian, tertian, etc.) do. 

The diagnosis ia to be based upon : 

1. Tlie absence of the signs and symptoms of organic 
disease. 

2. The intermittent character of the paralysis. 

3. The fact that the patieut has been exposed to malaria, 
and tlmt the paralysis is cured by anti-malarial remedies 
(quininfe). 
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§ 130. ReJl(X Paraplegia. 

Paraplegia occasionally results from peripheral irritation 
acting reflexly. The source of the irritation is usually in the 
bladder or urethra. Brown-Sequard supposes that the imme- 
diate cause of the paralysis is aniemia of the cord, and that the 
anaemia is due to spasmodic contraction of the vessels of the 
cord, produced retiexly. 

In many cases of so-called reflex (urinary) paraplegia, there 
are organic changes in the cord, of an iuHaminatory character. 
In some, probably the majority, the inflammatory changes re- 
sult from direct extension to the cord, of similar conditions in 
the distant (peripheral) parts. The extension may take place 
along the nerves (neuritis ascendens), or through the blood- 
vessels. In other eases in which organic lesions have been 
found in the cord, tiie intermediate parts have appeared to be 
healthy, and it is supposed by Eeuedict, that organic spinal 
lesions can actually be induced reflexly, independently of direct 
extension. Cases of this description, in which there is an 
organic lesion of the cord, cannot correctly be termed rrfiex, 
if we understand by that term, e. functional paralysis due to 
peripheral irritation acting reflexly. 

True reflex paralysis is undoubtedly rare, but that it does 
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occasionally occur in man seems beyond dispute ; and that it 
can be induced in the lower animals seems proved by the re- 
markable chloroform experiments which Brown-Sequard haa 
lately published. The diagnosis of reflex paralysis is always 
hazardous, and should only be made when : 

Firstly. There is no evidence of organic disease. 

Secondly. There is a manifest source of peripheral irritation. 

TTiirdly and chiejii/. Tlie removal of that irritation is fol- 
lowed by the disappearance of the paralysis. 

§ 131, Alcoholic paraphgia. — A temporary form of para- 
plegia is sometimes produced by alcoholic excess. The par- 
alysis is probably due to some alteration in the vaso-motor 
condition of the cord. It is often difficult to give a positive 
opiidon at the first visit. There is no evidence of organic 
disease, but a commencing subacute myelitis, which is not 
uncommon in persons given to alcoholic excess, may be 
attended by exactly the same conditions. These are the cases 
in which we must await the course of events. Functional 
alcoholic paraplegia is only temporary : in myelitis the para- 
lysis, of course, lasts for some time. 

§ 132. ATuemic paraplegia. — Paraplegia may also result 
from sudden stoppage of the blood supply to the lower end 
of the cord. This condition may be due to plugging of the 
alxlominal aorta, an accident wliich occurs in the course of 
some abdominal aneurisms. 

In some cases of aortic regurgitation, weakness in the 
lower extremities — never, so far as 1 know, amounting to true 
paralysis — is seen. The motor weakness probably results 
from anemia of the lumbar region of the cord, but this point 
has already been referred to. (See page 54). 

§ 133. Step No. 4- — "^he difftrtniial diagnosis of exlrxi- 
medullary and intra-medvllary lesions. — Having come to the 
conclusion that the symptoms are due to organic disease of 
the cord, the final step in the diagnosis is to determine the 
exact nature of the affection which is present. We ra\ist not 
only give a name to the disease, but must endeavour to 
deteimine the special features which it presents in each 
individual case. 

We first decide whether the lesion is ej;(ca-niedullary or 




J 



THE SPGJAL COED. 



159 



N 



intra'medall&ry. XIub point is determined by the nature of 

the symptoms. 

The charaderistic symptoms of an «rfro -medullary lesion 
result, as we have previously seen (see page 66), from irritation 
of the sensory nerves in the membranes and periosteum, and 
from pressiu'e on the anterior and posterior nerve roots. They 
consist of L — pain referred to the region of the spinal column, 
and increased on movement of the vertebra ; eccentric pains, 
hyper.Estheaia and antestheaia in the sensitive areas of the 
compressed posterior roots ; spasms and paralysis in the areas 
of the compressed anterior roots. 

When these symptoms are present, we may conclude that 
the spinal symptoms are secondary, and that the primary 
lesion is eifm-meduUaiy. 

§134. T/u pathologiail diagnosis of extra-mfdulUtry lesions. 
— Having determined that the lesion is an Kc/ra -medullary one, 
we must next endeavour to ascertain its pathological character. 
In seeking to decide tins question, we must r^ard — 

1. The history. — The duration of the case, whether acute 
or chronic, is of great importance. Where the symptoms de- 
velop suddenly, we have to deal with a displacement of the 
bones, or with a hajmorrliage into the spinal canal. Where 
tlie onset is rapid, but not instantaneous, the ease is probably 
acute meningitis, but it may be displacement of the vertebra. 
In chronic cases, the symptoms may be due to chronic menin- 
gitis, or to slow compression. The supposed cause of the 
attack should always be enquired into : a history of trau- 
matic injury is especially important 

2. The condition of the tpina/ column. — In fractures and 
displacements of the vertebra, either from violence or disease, 
irregularities in the spinal column are sometimes, but not 
always present. Pain and tenderness on percussion, and on 
movement of the vertebne, are valuable evidence of bone 
disease. In some cases of vertebral cancer, a tumour or 
enlai^raent of the bones can be detected, 

3. The associated diseased conditions are often distinctive. 
In a ease of slow compression of the cord, the presence of 
malignant disease in the liver or pelvis would point t« similar 
disease within the spinal canal. 

4. rac/rtmi7y Ais((7ry may also give some information. In 
n case of meningitis, without obvious cause, a strong family 
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tendency to scrofula, would suggest the tubercular character 
of the lesion, 

§135. 7%c pathological diagnosis of intra-^medullary lesion. 
— Where the lesion is infra-medullary, we must first decide 
whether we have to do with a 'system disease,' or an ' indis- 
criminate' lesion. By this means we at once narrow the 
enquiry, for as the result of experience, we know that certain 
morbid conditions affect certain physiological tracts. Wliere, 
for example, the symptoms show that the lesion is con^ned to 
the anterior cornu, we know that we have to deal either, with 
acute or sub-acute inflammation (polio-myelitis arUerior acuta 
or sub-acuta), or with the chronic degenerative process which 
constitutes the patholological substratum of prog-reasive mus- 
cular atrophy. 

Having decided that the disease depends upon a system 
lesion, we must next determine the patliological character of 
the morbid process. We regard the history and the mode of 
onset of the attack. When, for instance, the lesion is can.jLn^ 
to the region of the anterior cornu, and when the onset is 
acute, we at once decide in favour of poUo-myelitis aiUerior 
acuta. When the onset is very gradual, the probability is, 
that we have to deal with the typical form of progressive 
muscular atrophy. To be quite certain, we must carefully 
ascertain the mode of development of the symptoms, for there 
are two forms of this affection ; a typical form, which 
commences in the great majority of cases in the upper 
extremity and usually first affects the small muscles of the 
hand ; and an irrt^ular form, which first affects the muscles 
of the trunk, or those of lower extremity. The typical form 
undoubtedly results from slow destruction of the motor nerve 
cells of tlie anterior cornu. The irregular form is supposed 
by some observers to result from a primary lesion of the 
muscles. 

It is always advisable to dieck the diagnosis, by observing 
the mode of development of the attack, and tiie exact char- 
acter of the symptoms. In locomotor ataxia, for example, the 
motor in co-ordination is almost invariably preceded by tight- 
tting pains. Certain eye symptoms are also very frequent in 
rt acm of that disease. Inco-ordination occurring 

itning pains or eye symptoms, would pro- 
le otlier morbid process than the extremely 
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chronic lesion, which constitutes the anatomical siihstratmn of 
locomotor ataxia. 

§ 136. The differential dioffnosis of indiserijninate lesions is 
to be determined by regarding : — 

1. The vwde of onset. — Sudden paralysis is due to a vaa- 
eiilar lesion, such as haemorrhage, or embohsm. Bapid, hut 
not instantaneous lesions, may be vascular, but are usually 
inflammatory. Chronic lesions may be due to chronic inflam- 
mation, simple softening, or some d^enerative process. Under 
the last head we may include the morbid process, which 
I have previously described as sclerosis, commencing in the 
connective tissue (interstitial sclerosis). In rare cases new 
formations arise within the spinal cord itself; the symp- 
toms usually develop slowly ; in some cases acute symptoms, 
due to haemorrhage or inflammation around the growth, 
occur. 

2. Th^ associated diseased conditions, which sometimes give 
a clew to the nature of tlie morbid process ; in myelitis, for 
example, the presence of associated syphilitic symptoms would 
surest a ' specific ' character for the cord lesion. 

'i. The effects of treatment, which may also afford informa- 
tion as to the nature of the morbid process, especially in 
syphilitic cases. 

4. 7%s grmiping of the sifmptoms. — Having 'named' the 
disease, we can in many cases teU the nature of the morbid 
process with which we have to deal In cerehro-spinal 
sclerosis, for instance, the clinical picture is usually quite 
distinct ; and we know, as the result of experience, that the 
anatomical substratum of that affection is an interstitial 
sclerosis of a very chronic and incurable character. 

To sum up, then, the plan of the diagnosis is as follows: — 
Step No. i.— Make certain that the sj-mptoms do not 

depend upon a cerebral or a peripheml lesion. 

Step No. Z. — Where the symptoms indicate disease of the 

spinal cord, determine whether they are genuine or not. 

Step No. S. — Where the symptoms are genuine, ascertain 

whether they are due to functional derangement or to organic 



Step No. 4^ — Having decided that the symptcma are dm 
to organic disease, next determine — 
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a. "Whetherthe lesion is «c(ra-mediilIaryoriJi(m-medullary. 

6. If (»rfrrt-medullary, tlie pathological character of the 
morbid process. 

c. If iTi/ra-ineduUary, whether the lesion is a 'system' or 
' indiscnininate ' one ; and the pathological diEuacter of the 
morbid process. 

§ 137. THE PBOQNOSIS. 

In a case of spinal cord disease, we must be prepared to 
express an opinion as to : (a) the probable termination of the 
case ; (6) its duration ; and (c) whether it will unfit the patient 
for his business occupation or not. 

Our opinion on these pointa miiat be guided by : 

1, The particidar form of disease, aitd the nature of the 
morbid process. 

As a matter of experience, we know that ' functional ' dis- 
orders are never fatal; and that, in most cases, tliey are 
quickly recovered from. We also know that, some aitections, 
Buch as infantile paralysis, lead to permanent paralysis, but 
do not tend to destroy or shorten life ; and that other diseases 
are of long duration, but sooner or later prove fatal. Loco- 
motor ataxia, and progressive muscular atrophy, are good 
examples of the last group. 

Some affections, which are incompatible with an active 
outdoor occupation, do not necessarily unfit the patient for 
literary or clerical work. The late distinguished Professor of 
Anatomy in the Edinburgh University— John Goodsir — was 
affected, for many years, with locomotor ataxia, and, until veiy 
shortly before his death, carried on tlie onerous duties of tlie 
professorship. 

The exact pathological character of the morbid process is 
often of considerable importance from a prognostic point of 
view. A syphihtic myelitis, for example, is often recovered 
from ; while a tubercular, or cancerous meningitis, is (?) in- 
variably fatal. 

2. Tht severity of the affection in the special case under 
observation; the effects which it has already produced; the 
rapidity iffith which the morbid process ii being developed, and 
the direction in which it is ea:tending. All of these points 
are of great impoi-tance, and must be carefully observed in 
each individual case. 
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In infantile paralysia, for instance, the severity of the 
lesion varies immensely in different cnaes. The prognosis, in 
that affection, is chiefly determined by observing the extent of 
the paralysis, and the number of muaelea wliich have under- 
gone ' rapid atrophy/ and which present the ' reaction of de- 
genemtioD.' 

Again, a myelitis which involves the lower end of the cord, 
and which is attended with paralysis of the sphincters, and 
with cystitis, is very much more serious than a myelitis in the 
lower dorsal region. Where the upper cervical region is 
affected, the prognosis is still worse, for the diaphragm will 
probably be paralysed, and serious complications on Uie part 
of the respiratory organs will then result. 

The fact that the disease is developing rapidly, makes tlia 
opinion more serious. Where the morbid process is extending 
towards the medulla, a fatal termination is probably close at 
hand. 

In each case, the individual symptoms must be taken 
into account In locomotor ataxia, for example, the early 
occurrence of optic atrophy unfits the patient for any business 
occupation, and so makes the prognosis more serious. 

3. The result' of treainient. — This sometimes gives valuable 
information as to the future course of events. Rapid improve- 
ment under anti-syphilitic treatment is an eminently hopeful 
indication. 

4 77m; menial temperament of Hie patierU ; his circum,- 
staiices and surroundings. — These are also points which must 
be carefully considered. 

Some patients will not submit to a long continued course 
of treatment, and the restraints in sexual and other matters, 
wliich are often necessary. Others cannot place themselves 
in the best possible position for recoveiy ; they cannot guard 
themselves against cold and exposure ; they must, of necessity, 
submit to business worries, and the anxieties which are en- 
tailed by an arduous struggle for existence. Some persons 
bear these mental anxieties fairly well, hut, speaking generally, 
the presence of any mental ti-ouble or worry makes the prog- 
nosis more unfavourable. 

5. The presence of complications. — This is a very important 
element in the prognosis. Each case must, of course, be 
judged in accordance with the special nature of the complica- 
tion which is present. 
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. To sum up, the opinion as to the future course of the case, 
is determined by the following points : 

1. The particular form of coni disease, and the pathological 
nature of the morbid process. 

2. The severity of the afiPection in the special case under 
observation ; the eflFects which it has already produced ; the 
rapidity with which the morbid process is advancing, and the 
direction in which it is extending. 

3. The eflfects of treatment 

4. The mental temperament, the circumstances and sur- 
roimdings of the patient. 

.5. ll^e presence or absence of complications, and their 
nature. 

Such are the general grounds on which the prognosis is to 
be based. The special circumstances which determine the 
opinion in the individual affections of the cord, will be after- 
wards considered, (See chap, iv.) 

TRBATMENT. 

It must be confessed that the treatment of many affections 
of the cord is eminently unsatisfactory. The treatment of the 
individual diseases will be afterwards considered. The general 
indications for treatment and the mode of carrying them oiU are 
as follows : 

§ 138. 1st Indication. Remove the cause. 

It is seldom possible to carry out this indication in practice. 
In some functional disorders it can be accomplished, as, for 
instance, in the derangements of the cord which result from 
sexual excess, from alcohol, from malaria, or from reflex irrita- 
tion. In some cases of hysterical paraplegia the treatment of 
the general condition is followed by a cure of the local condi- 
tion, i.e., the paralysis. 

In some cases of displacement of the vertebrae, we can, 
by attention to the position of the parts, and by the applica- 
tion of rigid supports (Sawyer's jacket, etc.), remove the 
pressure from the cord, and so relieve many of the nervous 
symptoms. 

Abscesses near the spinal column should always be evacu- 
ated, under strict antiseptic precautions. In several cases, I 
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have seen very remarkable improvement in the nervous symp- 
toms follow the opening of an abscess which was pointing 
at some Uttle distance from the spinal column. The abscess 
sac had evidently, in these cases, pressed upon the cord and its 
membranes. 

The removal of extra -medullary tumours is not yet a re- 
cognised plan of treatment. This is partly owing to the un- 
certainty of diagnosis, and partly to the serious nature of the 
operation. The difficulties in diagnosis are disappearing, and, 
thanks to antiseptic surgery, we can now undertake operations 
which were formerly unjustifiable. I would advise an opera- 
tion in any case in which the symptoms were urgent; in 
which the diagnosis clearly indicated the presence of a tumour; 
in which there was no evidence of malignant disease; in which 
the exact position of tlie growth could be localised ; and in 
whicli a vigorous anti-syphilitic treatment bad failed to pro- 
duce beneficial results. 



§ 139. Sd Indication. — Endeavour to arrest and allay t/te Tuorhid 
process ; and aid naiarc to repair ilie davtage, 

ffwmorrkaffe. — Where the symptoms indicate hfemorrhage 
into the substance of the cord, or into the spinal canal, the 
usual plan of treatment for an internal haemorrhage is to 
be adopted. The patient should be placed in the prone 
position ; perfect rest should be enjoined ; ice-bags applied 
over the spinal column ; and full dosea of ergotine given 
subcutaneously. 

In practice it is seldom possible to carry out this treat- 
ment sufficiently early to produce any decided effect upon 
the hemorrhage itself In most cases the damage is alr^idy 
done before we see the cose. In some instances it is possible 
to mitigate the aft«r effects by reducing the subsequent 
inflammatory changes. 

Inflammatory affedioTis. — In acute inflammation eitlier of 
the cord or its membranes, the patient should be placed at 
perfect rest in the prone position ; leeches or cups, and then 
ice-bags should be applied to the spinal column ; ergotine, in 
full doses, should be given subcutaneously, with the object of 
producing contraction of the blood-vessels; belladonna is 
also employed for the same purpose. Where there is much 
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pyrexia, febrifuge remedies, especially full doses of quinine, 
should be prescribed. 

In sui-actUe and chronic inflammation, rest is to be en- 
forced ; counter-irritants (iodine, blisters, or the actual cau- 
tery) are to be applied on each side of the vertebral column ; 
ergotine and belladonna giyen internally. When there is 
reason to suspect a syphilitic taint, iodide of potassium and 
mercury must, of course, be given. In tubercular cases the 
general state of nutrition must be carefully attended to ; in 
chronic cases, cod-liver oil, lactophosphate of lime, and the 
compound syrup of phosphates may be given. 

After the acute stage of the inflammatoty process has 
subsided, when secondary degenerative changes are pro- 
gressing, and in the very chronic spinal affections, such as 
locomotor ataxia, we do what we can to arrest the morbid 
process, and to aid nature to repair the damage. 

The general health must be carefully regulated; the 
diet should be simple and nutritious, the patient should live 
out of doors as much as possible ; a locality should be selected 
in which the air is pure and dry ; extremes of heat and 
cold are to be avoided. It is particularly important to 
attend to the proper ventilation of the sleeping and sitting 
apartments. 

Fimctional excitement of the cord, must, so far as possible, 
be prevented. Sexual indulgence should generally be pro- 
hibited altogether. Reflex irritation is also to be avoided: 
patients sometimes find this out for themselves ; in a case of 
spastic paraplegia, for example, which was recently under my 
care, the patient informed me that the rigidity, girdle-sensation, 
and difficulty in walking, were always much increased when 
the bladder became distended. When spastic symptoms are 
prominent, a minimum of exercise is to be allowed. Remedies 
which are supposed to favour the absorption of thickened 
tissues, and to aid in the restoration of the nervous elements ^ 
are to be given. Iodide of potassium, mercury, and the 
constant (galvanic) current are the most valuable remedies 
for this purpose. Arsenic is very beneficial in some chronic 
cases; it seems to act as a nervine tonic, but is, I think, 
chiefly useful in those cases in which there is general ansemia. 

1 Nerve tubes can certainly be restored. Nerve cells whicb bave once been 
completely destroyed, probably remain so for ever. 
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Remedies, -which experience has found to be beneficial, such 
as nitrate of sil^'er, should also be administered. Counter- 
irritation, especially the actual cautery, is useful in many of 
these chronic cases. 

Where the affection of the cord is secondary, the primary 
disease (Pott's disease of the vertebne, aneurism of the aorta, 
etc) must be treated in the usual manner. 

jChe galvanisation of the spinal cord. — The application of 
the constant (galvanic) current to the spinal cord, seems to 
favour the absorption of inflammatory products, and to aid in 
the restoration of the spinal functions. 

In applying the constant current to the spine, with the 
object of obtaining its so-called catalytic (tonic and restorative) 
effects, the following points must be attended to : • 

TheposHUm of the electrodes.— Both poles should be placed 
over the spinal column, in such a manner as to include the 
diseased portion of cord between them. Where a long portion 
of cord is involved, as in most system diseases, one pole should 
be placed over the upper cervical region, the other over the 
lumbar enlargement. When the lesion is circumscribed, as in 
most indiscriminate lesions, the poles should be approximated : 
both poles may be applied over the spine behind, or one may 
he placed on the front wall of the abdomen or on the stemmu. 
Wlien both electrodes are applied to the vertebral column, one 
pole should be kept stationaiy, while the other is slowly moved 
up and down the spinal column, care being taken to keep it 
in firm contact with the skin. By this means all jtarts of the 
cord can be brought under the influence of the current, while 
variations in the strength of the current, and tlie resulting pain 
and muscular spasms (shocks) are avoided. 

Thestrength of current. — The currentshould be the strongest 
which can be comfortably home by the patient. In order to 
avoid pain and irritation of the skin, the electrodes must be 
large. Professor Erb recommends electrodes measuring at 
least four by two inches. The skin must be made thoroughly 
moist. All sudden variations in the strength of the current, 
especially interruptions and reversals, are to be avoided. When 
the electrodes are first appUed, the current should be a feeble 



\ Tor further details tie n»ilur ia nrerreil to apn'ial wot 
dty (Ziemaseu'H C^I"|)EDdm, vol. lilL p. ITS), kod to Erb's i 
to wliich I am indebted [or many of the followiDg details. 
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one ; it ahould then be gradually increased nntil the required 
stre^lli is reached. 

7%e dindion of the current is not of much importance. 

Daratum and /rtquency of applicaHon. — The current may 
be applied every alternate day. Each sitting should last for 
about five minutes. The treatment, in order to be eSectoal, 
must be continued for severul weeka, or even months. 



I 140. Zd Indicalion. To relieve the syviptoTns. 

This ia a most important indication. In many cases the 
relief of sjrtnptoms constitutes the main part of the treatment, 
for, as I have previously remarked, the therapeutic measures 
which we at present possess, are often inadequate to effect a 
cure. 

Pain must be allayed by the usual anodjTie remedies. 
Opium and morphia are of course the chief. In cases of 
spinal meningitis, these drugs should be combined with reme- 
dies which allay spasm. Bromide of potassium alone, or in 
combination with opium or morphia, is useful in the pains of 
locomotor ataxia ; the constant current also exerts a decided 
anodyne effect in some cases. Stretehiog the sciatic nerve 
has recently been recommended in the treatment of locomotor 
ataxia, but I have no personal experience of it The cases 
which have been reported seem to show that it relieves the 
lancinating pains, but does not produce any decidedly beneficial 
effect upon the course of the disease. In some cases, serious, 
even fatal results have followed the treatment 

^aasm,. — Where spasm is a prominent symptom, the patient 
should be kept at perfect rest in that position which he him- 
self instinctively selects. All movement and external irrita- 
tion is to be avoided. The bladder must be regularly evacu- 
ated. Warm applications to the spine are, as a rule, pleasant 
to the patient. Bromide of potassium, opium, hydrate of 
chloral, are the most useful drugs. 

Paralysis. — The nutrition of the paralysed muscles must 
be carefully maintained. Friction, shampooing, and, above 
all, the electric current, are the means which we employ. 

The electrical treatmunt of paralysed -rnvscUs aiid mrves. — 
la usiiut slocttjcity for this purpose, the rule is to employ 
•Mlt to which the paralysed muscles mOst 
^en tlte muscles react to tlie inteiTupted 
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current, it is the best form. WLen the ' reaction of degenera- 
tion ' ia present, the alowly interrupted galvanic current must 
be employed. Each muscle should he regularly exercised. 
One electrode may be placed over tlie motor point (see 
page 91, el acq!), the other alowly moved up and down over 
the affected muscle. Three sittings a week are sufiicieut in 
most cases. 

Where the paralysed muscles are flaccid, strychnine may 
be given. Iron, arsenic, and cod-liver oil, are also useful in 
the same class of eases. Strychnine should never he given 
where there is the slightest tendency to spasm or rigidity ; it 
is altaolutely useless, and often hurtful under saeh circum- 
stances. 

Where spastic symptoms are present, ergot, belladonna 
nitrate of silver, and iodide of potassium, are tlie most useful 
drugs. The rigidity itself is best relieved by chloral hydrate, 
and bromide of potassium. 

In cases of partial paralysis, and especially in those cases 
in which the muscles are flaccid, the patient should be en- 
crjiiraged to make voluntary efforts. Where attempts at 
voluntary movement cause an increase of spasm or rigidity, 
rest should be enjoined. 

Paralysis of iJie bladder and rectum. — In cases of retention 
(paralysis of the detrusor), the urine must be regularly drawn 
off by tlie catheter. Obstinate constipation must be relieved 
by purgatives and enemata. Paralysis of the bladder or in- 
testine is to he treated in exactly the same manner as any 
other form of paralysis. When the sphincters are paralysed, 
great care must be taken to keep the patient clean and dry ; 
when he is able to move about, an india-rubber urinal should 
be worn; when he is confined to bed, Mr Chiene's syphon 
arrangement' may be tried. 

In applying electricity to the bladder, one pole may he placed 
over the pubes, the other on the perineum, just in front of the 
anus. If this fails to effect a cure, one pole may bemtroduced 
into the bladder, a properly insulated catheter electrode being 
used. 

In employing the constant current in this manner, care 
must be taken to prevent any injurious action on the v 



1 Fur K deHcriptJou of tbis Mppanlaa, uid tbe oioila uf ii 
EdiKbyTgh ileiiaJ Jmrnid, December 18S0. 
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membrane of the bladder. The current should be a weak one. 
It is generally desirable to inject a small quantity of water 
into the bladder before introducing the catheter electrode, so 
as to diffuse the current over the interior of the organ. 

Priapism seldom calls for special treatment. Camphor 
and bromide of potassium may be given in severe cases. 

Bedsores must be treated on ordinary sui^cal principles. 

Deformities and earUra/iures, — Deformities may some- 
times be removed by the division of rigid tendons. Pro- 
fessor Yolkmann has recently proposed to resect the knee- 
joint in those cases of old standing infantile paralysis, in which 
the muscles of the leg and thigh are paralysed and atrophied, 
and in which the muscles of the hip are only slightly affected. 
The object of the operation is to weld the bones of the lower 
limb into a firm continuous support on which the patient can 
walk, in the same manner as a patient walks on a wooden leg 
after amputation above the knee. 



§ 141. J^th Indication. To prevent eomplicaiions. 

Bed-sores, — It is not possible to prevent the occurrence of 
the acute bed-sore, which, as we have previously seen, is a 
direct result of the cord lesion. The ordinary form of bed-sore, 
which is due to irritation of and pressure on skin, the vitality 
of which is lowered, can generally be avoided. The main 
objects are to prevent continuous pressure on any one point, 
by placing the patient on a water-bed, and to attend to clean- 
liness. If decomposing urine and faeces are allowed to remain 
in contact with the skin, gangrenous inflammation will almost 
certainly result It must be remembered that, in consequence 
of the anaesthesia, the patient may be quite unconscious of hia 
condition : it is the duty of the nurse to feel for him in such 
circumstances : the back and hips should be frequently ex- 
amined : the skin may be daily bathed with a spirit lotion : 
if a blush appears, the patient must be so placed that all pres- 
sure is removed from the affected part. 

Cystitis, — In some cases the urine decomposes, and cystitis 
results within a few hours after the cord lesion. This form of 
cystitis is exactly analagous to the acute bed-sore, and cannot 
be avoided. 

To prevent the ordinary form of cystitis, the greatest atten- 
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tioii must be paid to the condition of catheters and bougies. 
Ko instrument should be introduced into the bladder unlcBS it 
lias been thoroughly disinfected. 

Pulmonary c(/mplicati(m«. — Bronchitis, pneumonia, and other 
pulmonary complications are very apt to arise towards tlie end 
of chronic cases. To avoid these accidents, the patient must 
be guarded against exposure to wet and cold, and other 
depressing inhuences. 

Conlradures and de/onniHes. — The position of paralysed 
limbs must be carefuUy attended to: passive movements 
should be regularly made : by these means contractures and 
deformities can often be prevented. 

Mechanical appliances arc sometimes required. In some 
cases it is necessary to have recourse to tenotomy, but this is 
rather a remedial than a preventative measure. 

§ 142. Slk Indication. To treat complications. 

Phthisis, kidney disease, and other general complications, 
must be treated on ordinary medical principles. Tlie treat- 
ment of those complications which result from the cord lesion, 
has been already alluded to. 



§ 143. Gth Indication. To prevetU the recurrence of tlie disease. 

Organic affections, which are recovered from, seldom recur: 
functional affections often do so. Provided that we know 
the cause of the attack, and can get the patient to submit to 
proper preventative measures, we can often, in functional 
affections, ward off a second attack. 

I To sum up, the indications for treatment are as follows : — 
B 1. Eemove the cause. 

2. Endeavour to arrest and allay the morbid process, and 
aid nature to repair the damage. 

3. Relieve the symptoms. 

4. Prevent complications. 
6, Treat complications. 

6. 1'revent the recuixence of tlie attack. 
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CHAPTER IV. 



TABULAR CLASSIFICATION OF THE DISEASES OF THE SPINAL 
CORD — ^A SHORT DESCRIPTION OF THE INDIVIDUAL ORGANIC 
AFFECTIONS. 



We are now in a position to take up the individual 
diseases of the spinal cord, and my treatment of this part of 
the subject will be brief. I shall, so far as possible, content 
myself with a concise statement of facts, avoiding repetition 
by refering to the description, which haa been given in the 
second chapter, of the morbid histology of the different lesions, 
and of the rcUionale of the different symptoms.^ 

I shall, too, limit my description to the organic diseases 
of the spinal cord, for the chief functional affections have 
been already somewhat fully considered in the section on 
diagnosis. (See page 152, et seq,) 

On the following page a tabular classification of the 
diseases of the spinal cord will be found. 



1 The sections on the special pathology of the individaal diseases wonld have 
been more appropriately included in this chapter than in chapter II. ; but it was 
my original Intention to publish the first three chapters only, and it was not until 
they had passed through the press that I determined to add a description of the 
individual diseases. Hence the somewhat anomalous arrangement, which will be 
rectified, should a second edition of the work be called for. 
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3. PnifcTewive miwculnr atrophy. ■ 

4. Fseudo-hypcrtrophiD paraJyus. ■ 




A. 8jctem nffec- 


II. Secondary. 


t. Extension of tlie lesion from tlie 
lateral column, as in amyotro- 
phic lateral iclerosia, primary la- 
teral sclerosis, and descending 
degenerations of the crosaod pjr*- 
midal tract. 

2. Exlcni'ion of the lesion from the 

motor ataxia. 








Is 

1 


fTho (Ulterior comu may, like any other part of the 1 
j transrene section, be affected by indiflcriminBle le- 1 

TOiouK. [^j„g j^,[|j |j„g ,Q (,,g ]j,,„„ „( (hg anterior ooron, J 
piutly to the lesion of the other parts which happen J 




POLIO-MYELITIS ANTERIOR ACUTA. 




Acute inflammation of the anterior cornu of grey matt«r 
(iroXioct grey, and fivtXoci marrow). Varieties (a) iufanlile ; 
(6) adult. 




INFANTILE VARIETY. 




Syiutnyms. — Infantile paralysis: Essential paralysis of 
children : Acute atrophic spinal paralysis of children. 
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§ 14i. Patholoqv and Mohbid Anatomt.— The morbid 
process, as the term polio-myelitis anterior acuta indicates, ia 
an acute ioflaminatiou, which is sharply defined and practicably 
limited to tlie region of the anterior cornu. The segments, 
composing the lumbar and cervical enlargements, are the 
parta of the cord in which the lesion ia usually situatfid; iii 
moat cases the morbid process is confined to tiie lunibar 
region only, but it may involve one or both anterior coruua 
in one or both of these situations. 

The function of the multipolar nerve cells (the essential 
constituents of the anterior cornual region) is quickly inter- 
rupted ; some of the nerve cells are absolutely destroyed, the 
muscles, which they supply, undergo rapid atrophy, and are 
permanently paralysed; other nerve cells are for a time 
disabled, but ultimately recover; the muscles which they 
supply are temporarily paralysed. 

The histological chamcters of ihe cord lesions have already 
been described in detail ; and to that description the reader 
is referred (see pages 43, 44). 

The morbid histology of the paralysed muscles. — The mus- 
cular fibres, which are most seriously afTected, lose their 
transverse strise, and are infiltrated with oil globules ; their 
nuclei are more numerous than in health; the interstitial 
fibrous tissue is increased in amount; other muscular fibres 
are in a condition of simple atrophy; others again are 
normal. 

In advanced cases the interstitial fibrous tissue becomes 
more dense and cicatricial, and the muscular fibres are reduced 
to thin transparent bands, dotted here and there with nucleu 
In exceptiomU cases the interstitial fat is in excess, 

§145. Etiology and General Considerations. — The 
disease is most common between the ages of one and four 
years. The majority of cases occur during warm weather 
(Bununer and autumn), but the exact cause or causes of 
the affection are obscure; in some cases it seems to result 
&om a chill during dentition; it occasionally follows an 
attack of scarlatina, measles, or some other febrile affection ; 
in a few cases it is apparently due to traumatic injury, 
but this is quite exceptional. Nurses are sometimes most 
unjiiatly blamed because the paralysis is supposed to be due 
toafaU. 
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§ 146. Mode op Onset, Symptoms, and Course. — ^In some 
cases premonitory symptoms, consisting of general malaise, 
irritability of temper, slight febrile disturbance, muscular 
twitchings and tremors, etc., are observed, but in most cases 
the onset is abrupt 

The affection being an acute inflammation, is usually 
ushered in by more or less febrile disturbance. In some 
cases, the elevation of temperature is rapid and considerable ; 
and the onset is then attended with those symptoms which 
are associated with rapid elevation of temperature in the 
child, viz., heat of skm, quick pulse, flushing of the face, 
muscular twitchings and tremors, epileptiform convulsions, 
mild delirium or (exceptionally) coma. In other cases the 
pyrexia is slight, and the general symptoms comparatively 
trifling. The febrile process is usually of short duration, 
lasting from a few hours to a few days. 

After the pyrexia has continued for a short time, the 
characteristic paralytic symptoms are developed. Occasionally 
the paralysis occurs during the night, and the febrile disturb- 
ance may be so slight as to escape notice ; in other cases the 
febrile symptoms absorb attention, and the paralysis is not 
noticed until the pyrexia has subsided. The essential feature 
of the paralysis is that the highest degree of motor impair- 
ment is at once reached, any subsequent changes being in the 
direction of improvement 

The distribution of the paralysis varies in difTerent 
cases, and depends upon the exact extent and situation 
of the lesion. In many cases the distribution is para- 
plegic (some muscles of both lower extremities being 
affected), in others, all four limbs are involved; occasion- 
ally the distribution is monoplegic, and still more rarely 
hemiplegic. 

All the muscles of a limb are very rarely affected ; some 
muscles or parts of muscles usually escape; and it is im- 
portant to remember that the pai-alysis attacks muscles 
and parts of muscles which are functionally related. This 
is exactly what we should expect on the supposition that 
the motor nerve ceUs of any given segment represent a 
functional grouping of muscles; in other words, destruc- 
tion of any given anterior comu will not produce para- 
lysis of one muscle, but paralysis of several muscles or 
parts of muscles which functionate in concert Professor 
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Bemak ' ha,? described aeveral types ; in the upper extremity, 
for example, an ' upper arm. type! in which the supinator 
longu3, a muscle of the forearm, is affected along with the brachi- 
alis auticus, biceps and deltoid (muscles of the upper arm) ; 
and a 'forearm type,' in which the supinator longua escapes, 
but in which the extensors of the wrist (muscles of the forearm) 
are affected. 

The condition of the paralysed muscles. — The paralysed 
muaclea are flaccid; some of them (those connected with 
nerve cells which are seiioualy injured) undei'go rapid atrophy, 
and present the ' reaction of degeneration.' ^e reflexes 
are much impaired or entirely abolished, as shown in fig, 105, 
Fibrillary twitchings are usually seen in the paralysed parts. 




MnfaluM a/lilt rt/mplona vhici rttult/rom amle dtunclion <\f ikA 
aiiltrlor comaa of lie apinol card. 
Oa tho left eide lbs deatruction ot Ibe nerve cells Is complolf?. Tbe aiiteHor 
neiTB rtrats, motor cerve Sbrei, md muaclea, which tboy supply, srs iiU de- 
generated. Tbero is a totftl 'block' to the passage of voluotarf niolor aod 
reHBE motor impnlBes. Ou tbe right side two-tbirdi of the motor cells >re 
deetroyed; two-thlrda of the muscular ues connected with tho right anterior 
corau are duganerated &nd atrophied ; ana-third (M) rcmaina health;, and can be 
made to contract b; Tolunlar; or reflei motor impulses. 

1 Archirti/iir PtadiialrU, 1879. 
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There are no marked aenaorj distarbanoeB; the fonctioiiB 
of the bladder and Tectum may for a few honiB or days be 
temporarily arrested, but are never permanently interfioied 
with ; trophic diatiirbanoes in the akin do not occor.^ 

JBxeeptianal cases. — Very exceptionally, as Dr Buzzard' has 
pointed out, mnsdes strppUed by cranial nerves sach as the 
facial, are aJSected. 

Progress of the case. — ^A certain amount of improvement 
almost invariably occtcrs, but it is quite exceptional to meet 
with complete recovery ; some muscles usually remain per- 
manently atrophied and paralysed, and in severe cases a 
permanent paraplegia or monopl^ia remaina 

The temperature ot the paralysed and atrophied limbs is 
permanently lowered ; the development of the bones is often 
arrested, and the joints become imduly mobile ; deformities 
and contractures frequently result, and are usually due to 
cirrhotic changes in the muscles, and to the unrestrained 
action of antagonistic (non-paralysed) muscles. The develop- 
ment of the genital organs is not interfered with. 

§ 147. Diagnosis. — During the febrile stage the condition 
may be mistaken for one of the exanthemata,or any other febrile 
affection. A positive opinion cannot be given until the de- 
velopment of Uie paralysis ; in those cases, therefore, in which 
the patient is seen before the onset of the paralysLS, the 
physician must be content to defer his diagnosis, and to watch 
the future course of events. 

When the paralysis has developed, there is no longer any 
difficulty ; the symptoms (positive and negative) show without 
doubt that the lesion is limited to the anterior eomu; while 
the acute onset, and the fact that the highest degree of par^ 
alysis is ai once reached, distinguish the condition from all 
other affections of the same r^on. 

It would be imposnble to diBtfngniah the * mtem disease,* polio- 
myelitis anterior acuta, from an acute ' indisoiimnate * m jelitis, whidi 
happened to be Umited to the anterior comu. PracticaU j sach a limita- 
tion does not occur. It would, too, be impossible to dSstingiiish Hm 



1 For the explanation off the aymptoma, posHiTe and n^gmtiTe, see page 40. 
s lledkol Prus and Ciradar^ Febrnary 88, 188L 
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disease from rh aaiie destroetive legion cotijhisd to the anterior roots, 
but as a matter of fact, this difficulty does not occur ; for it would ba 
hardly possible for on acut« extra-medulluy lesion, such aa meniii' 
gitia, to Beriously injure the anterior, without at the same time ini- 
plicatiog the poaterior roots, and without producing marked sensory 
aisturbaiice& 

When the patieiit cornea under observation during the 
atrophic stage, it may be impossible from the mere condition 
of the par^ysed parte to give a positive opinion— for the 
same condition of atrophy might lesult from subacule or 
ehronie d^ructioTt of the anterior eomtt ; but the hiatory of 
the case (the acute onset, and the imm£diate occunence of 
paralysis) has only to be ascertained in order to settle the 
point' 

In some caaes of rickets and other wasti-ng diseases in 
children, the lower Hmbs are very much emaciated, and the 
condition at first sight may be taken for ' infantile paralysis ;' 
but there ought to be no difficulty in coming to a conect con- 
elusion, for the muscular atrophy is general, not local; there 
is no true paralysis, but only muscular weakness ; the history 
usually gives decisive infummtion, and the associated symp- 
toms of rickets or some other cause of emaciation aia 
present 

§ 148. Prognosis. — The disease very seldom proves fatal 
When the acute stage is recovered from, as it is in the vast 
majority of cases, the affection does not tend to shorten life ; 
sexual development is not interfered with ; the disease does 
not tend to recur.* 

A fatal result during the acute stage is to he dreaded when 
the febrile process ia vei7 severe, and does not quickly sub- 
side, and when symptoms, pointing to complications on the 
part of the cerebral nerve centres or other important organa, 
ore present 



> Tbe dlSsreutial diigBoris of acute and nibaoDta IsllammitioD of the anterior 
eomna IB afterwarda considered in mora detalL (See page ISIi.) 

* Cases Lave boen reported in which (hare hive bun two, or even three exacer- 
bMions or seiniala stticka at the CDnunencament, bnt these cases are quite eicep- 
tiODaL The sUlement in the toit reFera to the risk of future and eotirely fresh 
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The prognosis aa to the subsequent course of the paralysis, 
is to be guided by the exteut and severity of the lesion, 
especially by the extent of rapid atrophy, and by the number 
of muscles which present the 'reaction of degeneration;' 
muscles which continue to react to the interrupted (Foiadic) 
current will certainly recover; while those which do not 
respond to the electric current, after two months' treatment, 
will in all probability be permanently atrophied. 

When the case cornea under observation during the atro- 
phic stage, and when some of the paralysed muscles still re- 
spond to the electric current, a certain amount of improvement 
may be confidently predicted. The amount of improvement 
will depend upon the number of muscular fibres which respond 
to electricity, especially to the interrupted (Faradic) current 

§ 149. Treatment. — When tlie patient is seen before the 
devdopment of the paralysis, the indications for treatment are, 
to reduce the fever, and to relieve any urgent symptoms 
which may be present. A calomel pui^ should be adminis- 
tei'ed, and a febrifuge mixture prescribed. When the attack 
is ushered in by a convulsion, and when the patient is seen 
in the fit, cold water may be applied to the head, and the 
child placed in a blanket-bath. If the convulsions recui-, 
hromido of potassiiun or chloral may be combined with tho 
febrifuge. 

After the paralysis has developed, and the true nature 
of the disease is apparent, we must endeavour to arrest and 
aUay the inflammatory process. Ergotine shoxild be given 
in full doses, with the object of producing contraction of the 
blood-vessels of tlie affected part ;• belladonna* has also been 
strongly recommended by l4ofesaor Brown-Sequard for the 
same purpose. Leeches or dry cups may be applied over the 



I Dr AltbBDB givsa oso-fourth ol a grain for ■ child Iron 
Bge; oue-tturd ol & grnin Cor a child of from two to five yes. 
child of from five to ten yeare ; and one grvla for palienlB ab 
I'lis diug duif he KdmiDiBterod subcutaaeoualy, or bj the n 
ropeated twice itaily. 

> From ODD'twentiath to otie-eixth of & graia of the estrno 
be givou to a child, bat tba effects most be cuefnll; wMclii-d. 
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region of the spine corresponding to the affected part. Pro- 
vidtd tliat the patient is sufficiently old and docile, he should 
be placed in the prone position ; and cold, in the form of 
Cljapman's ice-bags, applied to the spine. Tlie febrifuge 
mixture should be continued ; where the fever is high, quinine 
or the salicylate of soda may be given. The diet should 
consist entirely of milk ; the room must be well ventilated 
and not too hot. 

After the fever has subsided, iodide of potassium may 
be combined with ergot Some authorities recommend the 
inunction of mercury at this stage, but I doubt its utility. 
The galvanic treatment of the case should next be com- 
menced: a current of medium strength should be passed 
through the cord at the seat of the lesion, in the manner 
already described (see 167); and the nutrition of the paralysed 
muscles maintained by means of friction and electricity; 
muscles which respond to the interrupted current should 
be faradized ; others should be stimulated by the constant 
current. 

At the end of a month or six weeks the iodide of potas- 
sium may be discontinued, and the syrup of iodide of iron. 
Parrish'a compound syrup of phosphates, or arsenic, to- 
gether with cod-liver oil, aubstitutei Dr Hammond^ and 
some other authorities speak highly of strychnine, but 
many competent observers have not seen much benefit from 
its use. It is essential to maintain the general health in 
the highest state of efficiency. The diet must be light and 
nutritious. The patient must not be exposed to extremes of 



1 Tbp following in Dr Hiunnit.Dd'B motlrj uf prescriMng it ; 

B BIrfchtiitB BulptutlB . . , gr 

PerH pjrophoiipli 

Acidi pbOHphorici dtl . 

Byr. ZiugiboriB . 

m ft. ini«t. 

Dn§fl, a t^Baponnfiil or lesBi accordiug to the 
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of the child. 

take half a leaspoonful of th<B 
adTantagoonaly in tho form 
of bjpodBrmlo inJsclionB tn dmoB suilable to tho ago. In cblldrfla umU-r ons 
year old, ths ninaly-eiith oF a grain <b as niarh as Bhoald be given at a dnss, njiil 
I it should not bo ndmiuldtprod at aW—DurtU'i iifthr Nmmit 
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heat or cold, but, provided that the weather is favourable, 
he should have plenty of carriage exercise. Sponging the 
back and limbs with tepid salt (sea) water is lughly bene- 
ficial in some cases. Great care muat be taken to prevent 
the paralysed ports becoming fixed in a vicious position. 
Passive flexion should be regularly practised ; and in some 
cases it ia necessary to overcome tlie tendency to contractures 
by mechanical supports. 

This treatment should be continued for several months, 
until in fact the maximum of improvement has been obtained. 
Where deformities are already established, section of tbe ten- 
dons may be required. Professor Volkman has recently, as I 
have previously mentioned (see page 170), recommended 
resection of the knee-joint in those cases of paraplegia in 
which the muscles of the hip are not paralysed, and in which 
the patient is unable to walk for want of a firm support. 



ADULT VARIETY. 

8 150. Polio-myelitis anterior acuta is a very rare condition 
in ^0 adult. Its general features are the same a.') those 
which I have described as chamcteristic of the infantile 
variety, but there are some slight differences : nmscles sup- 
plied by cerebral nerves are more frequently affected in the 
adult than in the child ; headache is often observed at the 
commencement of the attack ; in a case which came under 
ray own observation recently, there was temporary aphai 
aching pains, occasionally associated with tenderness on 
pressure, may be experienced in the paralysed muscles ; 
contractures and deformities seldom result in the adult in 
whom the bones and joints are fully formed. 
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THE DISEASES OF THE SPINAL CORD. 



Bynonym. — Faralj'aie g^n^rale spinale ant^rieure subaigu@ 
(Duchenne). 

This ia an extremely rare affectioD, which, so far aa is at 
present knoini, occurs exclusively in adults between thirty 
and fifty years of age. One case only has come under my per- 
sonal observation. The following brief account of the disease 
is mainly taken Irom the works of Duchenne^ and Erb.* 

§ 151. Pathology.— In the few cases that have as yet been 
examined post-mortein, evidence of chronic inflammation in 
the region of the anterior comua was found. The multipolar 
nerve cells were more or less extensively destroyed ; the ves- 
sels dilated ; the connective tissue thickened ; the nuclei and 
Deiters' cells more prominent and abundant than in health. 

§ 152. Etiology. —Nothing definite is known as to the 
causes of the condition. Erb throws out the hint that some 
of the cases may be due to lead poisoning, and, in support of 
this opinion, quotes the undoubted clinicid fact, that paralytic 
symptoms exactly resembling those which occur in this 
affection do sometimes result from plumbism. 

§ 153. Mode of Onset, Symptoms, and Course. — As a 
rule, the onset is gradual. In some cases •premonitory 
symptoms, consisting of aching pains in the back and limbs, 
a feeling of excessive weariness and weakness, or slight febrile 
symptoms are observed. 

The fijst characteristic symptom is motor weakness, which 
gradually increases, and ultimately becomes complete. In 
the Ifti^e majority of cases the lower limbs are first affected 
(the ascejiding type of Duchenne) ; the muscles of the leg are 
first invaded, then those of tlie thigh, and finally tliose of the hip. 
The paralysis presents all the characteristic features which 
result from a lesion of the anterior horn ; the muscles rapidly 
become atrophied, and present the 'reaction of degeneration; 
the reflexes are at first diminished, and soon completely 
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abolished ; and it is important to observe tbat, the paralysis 
is the first event, and that the atrophy occurs subsequeiitly. 
The sensory functions are practically intact; slight numbness 
may be present, but there ia never much anesthesia. The 
functions of the bladder and rectuni are not interfered -with. 

The rapidity with which the disease is developed varies 
in different cases ; the muscles first affected become rapidly 
paralysed and soon atrophied, but the maximum extent of 
motor impairment may not be reached for months, or even 
for years. After the lower extremities have become para- 
lysed, the upper limbs are in turn involved ; the extensor 
muscles of the fingers being the first to suffer, and subse- 
quently those of the upper arm and shoulder. The muscles 
of the trunk may also be affected. In exceptional cases the 
paralysis first affects the muscles of the upper extremities, 
and then extends to the lower limbs. This is the descending 
type of Duchenne. The muscles on one side of the body may 
be more paralysed and atrophied than those on the other, 

A stationary period now generally occurs, but in some 
cases the lesion continues to extend, ultimately reaching the 
upper part of the cord and the medulla oblongata; bulbar 
symptoms are then developed, and death results from respira- 
tory complications. 

In the majority of cases improvement occurs after the 
stationary period has lasted for a few weeks or more. Re- 
covery takes place in the rever.se order to the mode of 
onset, the muscles last affected being the first to recover. 
In exceptional cases the recovery ia complete ; but generally 
some paralysis remains. The total duration of the disease is 
usually from one to four years. 

§ 154. Diagnosis. — The sj^nptoms, negative and positive, 
clearly show that the morbid process is limited to the region 
of the anterior comu. The fact, that the paralysis and atrophy 
are sometimes completely recovered from, seems to show that 
the destruction of the multipolar nerve cells is not usually 
complete, for nerve cells which are once destroyed are never 
restored.' 

> Tlie aSoctinn preaeDla rnkny pointi ol reaembUBDe lo gome formB of panljriia 
whioh depend upon peripheral IpriotiR. Ths points of dlatinGlian u-e, hovevar, 
moro loBikeil tliu tboH ol rDKmblnnro, and stem to me lo difforcaliali! clcu-l;? lbs 





AXTERIOK COKSUAL REGION. 



The affection has to be distinguished from polio-mi/ditw 
anierior acida, progressive muscular atrophy &tiA lead paralysis. 



The differential diagnosis of siiibacute inflammation of titc 
anterior comva and polio-mj/elitis anterior acuta is given 
in the follovnng table: — 



Always ill ailults, between Very rarely ir 
llic Hges (if Ihirtj and 
fi/iy. 



Grailaal; fev«r sllglit or 8udi]en;fcvermaybecon9liler- 

abBenl; no cerebrnl able ; cerebral BymptomB 

RympMma. (epileptiform cnnvuUion.i, 

etc.) at the outaet are not 



P 



I. Tbe paral^la eitenda 
from pomt to point, 
usually from below up- 
ivarde; themaximDmiB 
□ever at once readied. 



U«aa11y ends in recovery, Very eeldom fatnt, bat wme 

which may be oomplete. pantlyei* and atrophy 

WheafatalidealJioconre usually remain. Wlien 

aftertwo.tbree, or foar death doea occur, the fatal 

yeara, and ia nBually termination takes place at 

dne to entensioQ to the the outset, 
medulla obloii)i;atB. 



two gronps of cbwb. In periplierftl panUyseB depending opou lesloas of ■eaBory- 
motor nerreH, aeiisory djaturbincea are of necesBity much mora prominent 
pBinfnl sedBBtlons are oxperienoid in the aSectad pftrts, and there is usually con- 
Bidonble BneestbeBia: the Tact that the morbid process aomettmea eiteada to tho 
medalla oblougata, prodncing well-marked bulbar gymptoms, la in favour of a 
ceatral lesion ; Aud tbeso clinical Brgumenfa are confirmed by the few CBSeH in 
which a careful eiaminalion of the cord his been made after cjentb. 
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The differential diagnosis of siAacuU inflammation of the 
ani^rioT comual region, and progressive muscular atrophy. 



Snbacnle Inflammation of the 



Progiewlve Hnaonlu 



Anterior Horn. Atrophy. 

MiiSCLEB FiEBT In the Inrgf majorily of In the large msjoritj of cues 

AvFECTED. caecB ItiG mnecles of the the muaciua of one upper 

lower estremitiea lire extremity (snisH muscles of 

first affected. the hanrf or deltoid) nre 6Mt 

affected. 



Tub CoNnrnoK The AfTected muscles are 
OF THE firat ptirnlyaed, and 

Affected aubeeqnentlj become 

Muscles. atrophied. Whole mua- 

oles, or groups of mus- 
cles, atrophy at once. 
They present the reaction 
of degeneration. Tlie 
reflexes are abolished. 



The disease does not, as 
a rule, destroy life. The 
improvement is ofk'ii 



The atrophy is the first event ; 
tlie loss of motor power fol- 
lows, and is in direct pro- 
port iou to the muscular 
waatitig. The atrophy never 
invades a whole muscle nt 
once, but destroys indi- 
vidual fibres and groups of 
fibres. The reaction of de- 
Benerntion is not present. 
The reflexes are retained 
until all the muscular fibres 
are destroyed. 

The disease is very often fatal ; 
muscles which have once 
atrophied do not recover. 



The differential diagnosis ofsuhacvte inflammation of the an- 
terior eomual region {Paralgsie g&ii6rale spiTiale antirieurt 
subaigue of Duchenne) and lead paralysis. 

There ia of course no difficulty in distinguishing tbe 
typical form of lead palsy (wrisi-drop) from tlie affection 
which we are now considering. Chronic lead poisoning does, 
however, aometimes give rise to a general form of muscular 
atrophy, which very closely resembles tlie paralysie gdniraU 
spitiale antirieure subaigue of Duchenne. In fact, the symp- 
toms are in some cases identical, and the lesion in coses of 
lead paralysis is thought by some to be a subacute inBamma- 
tion of the anterior cornua. In such eases the distinction can 
only be made by observing the mode of development of the 
symptoms, and the presence or absence of associated evidence 
of lead impregnation, viz., the blue line on the gums, lead colic, 
lead rheumatism, etc ; the occupation of the patient should 
be ascertained, and, if necessary, his drinking water tested. 
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§ 155. Prognosis. — In most cases the prognosis is favour- 
aMe as regards life; in some recovery is complete; in the 
majority some paralysis remains ; some prove fatal ftom 
extension to the medulla oblongata. 

§ 156. Treatment. — The treatment is essentially the same 
as that which has been recommended in polio-myelitis 
anterior acuta after the febrile stage has subsided. 

PROGRESSIVE MUSCULAR ATROP/fY. 

This affection is comparatively common. It is one of the 
moat chronic, and incurable of all spinal affections. There 
are probably two varieties of the disease; {1.) a typical 
form, which commences in tlie upper extremity, usuiJly in 
the small muscles of the hand, and in which individual fibres 
and groups of fibres are gradually destroyed; and (2) an 
irregiSar form, which usually commences in the muscles of tlie 
lower extremity, and in which whole muscles, or groups of 
muscles, rather than individual muscular fibres and parts 
of muscles, undergo atrophy. Many of the eases included 
in the latter group are doubtless identical with the paralysie 
giniraU spinaie anUri&ure miaigve of Duchenne. I shall 
therefore limit my remarks to the typical form of the disease. 

§ 157. Pathology. — The exact pathology of progressive 
muscular atrophy is a subject which has given rise to endless 
discussion. Some authorities hold that the morbid process 
commencea in tlie muscles ; others think the primary lesion is 
s slow destruction of the multipolar nerve cells of the anterior 
comu, and that the muscular atrophy is secondary to the spinal 
lesion. The latter view is the one which is now generally 
accepted, and there can, I think, be little doubt that the 
anatomical substratum of the typical form of progressive mus- 
cular atrophy is slow destruction of the motor nerve cells of 
the spinal cord. 

Some authorities think the spinal lesion is an extremely 
chronic inflammation ; others consider it ratlier as a degenera- 
tive process. Be this as it may, the eflect of the process is to 
produce gradual destruction and disappearance of tlie motor 
nerve cells of the anterior horn. 

On microscopic examination of well-marked cases the lesion 
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13 seen to be practically confined to the anterior comual 
region. The nerve cells are in all stages of atrophy and de- 
struction, their processes wasted and degenerated. In two 
well marked cases reported by Pierret and Troisier,^ the atrophy 
of the nerve cells of the anterior horn was simple, the cell 
processes were wasted, the atrophied cells, even the smallest, 
still contained a nucleus ; exactly the same conditions were 
also found by Charcot and Gorabaidt* Luys, Lockbart Clarke, 
and others, have observed dilatation of the blood-vessels of 
the affected region, and thickening of the vascular walls. In 
some cases compound granule corpuscles and oil globiJes are 
scattered through the affected parts of tlie cord, apparently 
replacing the nerve cells, and a<fiiering to the outer coata of 
the vessels. 

The anterior nerve roots proceeding from the affected part 
of the cord are atrophied, hut seldom to the same extent as in 
polio-myelitw anterior acuta. The anterior column of the 
cord through which the affected anterior roots pass, and the 
adjacent parts of the cord sometimes exhibit sclerotic changes. 

The amdition of the affected muscles. — To the uaked eye the 
muscles are pale and fawn coloured. The interstitial connec- 
tive tissue, and, in some cases, the interstitial fat, are increased. 
The atrophy of the fibres is, according to Pierret and Char- 
cot (see fig. 117), a simple atrophy; the transverse stria> 
being preserved until the end; the nuclear proliferation and 
fatty infiltration of the fibres, which are seen in polio-myelitis 
anterior acuta, are not generally present, though in some cases 
these changes have been observed. 

§ 158. General Consideratioss and Etiology. — The 
disease is essentially one of adult life ; eases are seldom met 
with before the age of twenty-five. The period of greatest 
frequency is between thirty and fifty. 

The psetiJo -hypertrophic paraljBiB of chiHren is thought by some 
writers to be identical with progreBBive mtiBcular atrophy. The two 
affectioDB nodoubtedly present many analogiea, but are probably distinct. 



J much more frequently affected than the 



The male s 
female, 

Ot 176 CBBeg collected by Friedreich, only thirty -tliree, or abont 
per cent, were [eualea. 
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The disease is often hereditary, and cases have been re- 
ported in which the affection has been handed down through, 
as many as five, generationg. Various exciting causes have 
been described ; excessive muscular exercise, and the con- 
sequent exhaustion of certain muscles, is a well ascertained 
cause, and explains the tendency to the affection in per- 
sons who follow particular occupations ; traumatic injuries ' of 
peripheral parts seem occasionally to give rise to the condition ; 
a chill is sometimes the only apparent cause; the affection 
has been kuowu to follow an attack of t3T)hoid, measles, 
or acute rheumatism; lead impregnation is sometimes fol- 
lowed by a general form of the disease, and I have seen one 
case in which it apparently was the cause of the typical 
variety. 

Ji 169. Onset, Symptoms, and Couese. — The onset is very 
ual, and is not attended with febrile symptoms. In many 
cases the patient is unaware of his condition until the disease 
has made considerable progress. The first symptom is motor 
weakness; it attracts attention, and, on examination, the 
weakened muscles are found to have undei^ne considerable 
atrophy, the muscular weakness being in direct proportion 
to the muscular wasting. The atrophy gradually increases, 
and the muscular weakness becomes greater, but there is no 
true paralysis until the muscular fibres are entirely de- 
stroyed. The interossei or thenar muscles of one, generally 
the right, hand, are usually first affected ; occasionally the 
deltoid is the first to suffer ; exceptionally the disease com- 
mences in the muscles of the trunk, and still more rarely in 
those of the lower e-xtremity. 

Of 146 cfiBes collected by Friedreich, 111 commenced in the upper 
extremity, 27 ia the lower extremity, and 8 in the lumbar mueeles. 
Uuchesue only saw the diaeaae commence twice, in the lower extrc- 
mitiea, out of 159 casea. 

The txmditimt of the affixted mitscles. — The affected muscles 
axe flaccid. There are no qualiUilive electrical alterations, the 
'reaction of degeneration' is not present, and the force of the 
muscular contractions produced by the Faradic (interrupted) 
current is in direct proportion to the number of healthy 

1 PcBsiblj Ibis wan tlie csuso iu a cssu wLicli 1 hare rfiported la Driiu. Vol. 
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miiBCiilar fibres wUch lemaiiL The r^^Ze^ees may be increaaecL^ 
in the earlier stages, but soon become diminiflhed ; it is not, 
howeyer, until the mnscnlar fibres are entirely destroyed that 
reflex moyements are entirely i^lished. (See fig. 106.) 




Fio. 106. 

JMa ymiJUN otfc rtfremdaiitm of Ike ^fagakmm wkkk rumUfiomtkm du t mtiJim of ike 

tmiUipokarnoneodUofihemUenorcorwik 

On iho left aide the diaeaM is In an eerly stagv. One servB cell (a*) ia eon^ 
pletely deatroyed. Ita mnaoular fibre (1') la completely atrophied. Voluntary 
motor and reflex motor Impnlaea are * blocked ' at the aeat of the lesion (a'). Ona 
nerve cell Cb') and its mnscnlar fibre 2' are very much atrophied, but feeble motor 
and reflex impulses can still pass through the ceU to the muscle. Two nenre 
cells o' c' are healthy. Their muscular flbres are of normal bulk, and can be 
made to oontraot either by voluntary or reflex impulses. 

On the right side the disease is much more advanced. The musoolar area ia 
threa-fonrtha degenerated. Then ia a total * block * at a and il This oonditioB 
represents a late stage of progressive muscular atrophy. The atrophy of the mus- 
cular fibres is represented as timpU. There is not the same Uti^ ohan^s aa is 
shown in figure 87. 

Fibrillary twitchmgs occur in the affected muscles ; they 
are, as I have preriously stated^ more frequent and constant 

1 In niany wasting diseases, as for instance in phthisifl, there is increased 
musculsr irritability. Under such circumstances the reflexes, especially the deep 
reflexes, may be more easily obtained than in health. 
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in progressive muscular atrophy than in any other affection, 
but are by no means path<^noniic. The tpmperature of the 
affected parts is lowered, and the patient almost always ex- 
hibits increased sensitiveness to cold. 

Muscular (myolgic) and joint-pains, resembling rheuma- 
tism, are not uncommon, but the skin sensibility is not 
deranged to any noticeable degree. There are no trophic dis- 
turbances in the skin. The functions of the bladder, rectum, 
and sexual organs are all perfectly normal. 

Atrophy of the interoasei (the muscles of the forearm 
being unaffected) causes a pecidiar alteration in the position 
of the fingers, to which the term ' clawed hand' or ' main 
en griffe; has been given (see figs. 107, 108, 110, and 111.) 





The man <n gri^e in proersBslve mos- 
culu- alroplij. The intoroual and 
thanar mnsoleB are almost entirel; do- 
itrojed. (^Aflrr Dudaimt.) 



710.108. 

TLe man m griga whiob rsnlti 

from parnljgis of the lutsroaaM Id 
con»queDce of a traumatic Issfan of 
the Dluarnarve. {AJitr DtKkamt.'i 



The manner in which this alteration in the position of the 
fingers is produced is as follows : — 

The combined action of the internal and external inter- 
oasei produces (as Ducbeiine was the first to demonstrate), a 
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movement of the fingers in which the first phalanx is flexed 
on the meta-carpus, and the second and third phalanges are 
kept extended; in other vords, the fingers are placed in 
the writing position. The direction of the tendon of the 
interossei perfectly explains this contradictory action apou 
the phalanges. In the first part of its course (from the meta- 
carjal ph^angeal articulation to Uie upper surface of the 
first phalanx) the tendon is directed obliquely from above 
downwards and from before backwards (see fig. 109), there 
is therefore flexion of the phalanx on its meta-carpal bone 
during contraction of the muscle. The second part of the 
tendon, united by an aponeurotic expansion to the tendon of 
the common extensor, is placed on the back of the phalangeal 
articulation, and consequently produces their extension.' 




Flo. 109. 

Kngfiigtr iffUit right kaad, teitli iti danal aleroueom or adductor mtucit. 

(,AJter Ihtcliame.^ 

(a) Dorul loleroMaoiU or «ddactor muBcle; (U) phalangraJ lendon of Iha 

dorail inlerosBMiQB 1 (e) tendon of the extensor commnnia ; (d) ■pooeurotJc 

eipuiBlou, whicbnnlleBthsphkluigQalteDdonof the interossaons idth the tendon 



Kow, when the interossei are paralysed, the opponent 
muscles have full play, the result being extension of the 

1 VEUetntaSiM lacalitit, 187!, p. S66, ct tq. 

■ According to Dacbanne tbe InleroBSei are the onlj fleiora of the first 
phkluiXiUidtheonljeiteniori of the seooDduid third phaUoges. Headdi.Lea 
lombrinni sont, il est vt*I, anxilUiree de tea monTementi; null il* D'exsTMnt 
point d'kction de UtrinlM nr let dwgta,' he. eU. , page 967. 




rio. lu, 

Id (palmar a*ptel) ^fltr teuiim of At MJ 



llKl>J.«tCu»m.ng,l 
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3<1 flexion of the second and third phalanges ; in 
he liand assumes tlie bird-claw position. 
'i'iie main en griffe is not pathognomic of progressive 
muscular atrophy ; it indicates paralysis of the interossei, a 
condition which may, of course, be due to any lesion of the 
ulnar nerve. The appearance of the hand in the two cases 
(progressive muscular atrophy and paralysis due to a lesion 
of the ulnar nerve) is, however, somewhat different, a fact to 
■which attention waa first directed by Duchenne. In pro- 
gressive muscular atrophy, all the fingers are equally 
affected ; in paralysis of the ulnar nerve, the ring and middle 
fingers are more particularly involved. (See figs. 107, 108, 
110. and 111). 



TUa, 



m q/the Band a/Ur a Laim ofth» Vim 



The pAtient, a libonrer, nt 47, Fame undsr m; notice iu tha ytti 1879 
EiglileeD jou-t proviomly be received ■ Bevere cut witli a cooper's knife in tba 
regioii of tbe left elbow. Tha wound did Dot heal for eiBlit or niiie months, and it 
wu fourteei) months before he could use tba hand at nlL 

A cicatrix two inches long extended from the tip of the oleranou to the inlama 
cond}'le, which was moch thickened. All tlio mnscloa supplied by the ulnar dbttb 
were paralysed, the waetiug of the iuteroesei being well seeu iu Qg. 110. The nan 
"• g'^fft was well marked. 

Tactile BoadblUty was inipaired in tbe little finger ; sensibilitr to pain wsa 
complotety abolished in the little finger, and much impaired in tbe ring finger. 

Soon after the injury the nail of the little finger began to come off in bard, dry 
chips, and ultimately it was completely delsohed.— (See fig. 111.) The patient 
stalfd ' that every throe or four months a bleb, containing ' waler as clear as 
crystal,' forms on tbe tip of the little finger; it appears iu tbe course of a few 
boors, assail; through the night, and la Bometimea as large aa a grape. For 
■oma days before the bleb forma h« feels a stingiDg sensation In the region ot tho 



The appearance which the hand and forearm present in 
L progressive muscular atrophy are well shown in figures 112 

^^^ 113, 114 which are copied from Duchenne. 
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FiO. 11'^ — Hand in ■ cue ol progreaaiTe mnamkr atiopb; wbicho 
inthBinUBcloiioftliBllianib. (_A/ler Daclieme.') 

Flo. 113 AKD Hi— HandB,thBinnBoleBo( which we ftlmoBt eatiroly dBalrcyed, 
from a cue of progrssEivs mnsDulu' alropli;, whicb bad bocomo genoral M the 
end of two yc^rs. (AJIer Ouc/ieime.') 

After the condition, just described, has continued for a 
longer or a shorter period, and after the atrophy in the parts 
firat affected has made some progress, other musclea are 
attacked in a similar manner. The homologous muscles on 
the opposite side oE the body are usually next attacked. 
When, for instance, the muscles of the right hand are the firat 
to suffer, the musdea next invaded are those of the left 
hand ; in other words, the morbid process extends to the 
opposite anterior corau in the segment first afllected. Ex- 
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ceptionally the lesion extends upwards in a vertical direction, 
and attacks tlie anterior cornu of another spinal segment on 
the same or on the opposite side of the body. In this 
manner the deltoid may he the muscle next invaded. The 
atrophy, then, progresses by leaps, and invades muscles or 
gronps of muscles which are widely separated, but whose 
nerve nuclei are in close juxtaposition — a strong argument in 
favour of the central (spinal) theory of the lesion. 

After the muscles, or rather some of the muscles, of both 
upper extremities have become invaded, the atrophy may 
extend to the muscles of the truuk, and then to those of the 
lower extremities ; in the course of time almost all the volun- 
tary muscles of the body may become implicated. In some 
cases the nerve-nuclei of the medulla oblongata are attacked, 
and bulbar symptoms' are developed. 

In rare cases the atrophy eoomiences in the trunk muscles, 
and produces cliaract«ristic alterations in the position of the 
trunk: where the lumbar muscles are affected the back is 
strongly arched, and tlie line of gravity falls behind the 
sacrum (see fig. 115); where the abdominal muscles are 
extensively atrophied the back is also arched, the result of 
the unopposed action of the sacro-lumbar muscles, but the 
line of gravity falls within the sacrum (see fig. 116). Wlien 
the muscles of the lower extremities become involved, which 
is seldom until the last stage of the disease, the 'loosely 
strung ' gait (see page 82) may be observed. 

Death sometimes results from simple exhaustion, but is 
much more frequently due to extension of the disease to the 
medulla oblongata, or to some respiratory complication. 
When the intercostal muscles or diaphragm are atrophied and 
paralysed, a alight bronchial catarrh may prove fatal. 



1 By the term ' bnlbsr Bymptntas,' 1 metii all tho BymptoiDB which are cha- 
rocterUtio of gtusBo- labial or bulbar paralynis, tie., difficulty in iteglulition and 
■rtioulation rs wdII aa atrophy of the longae and facial moBcloB. Very eXceptioQ- 
»11y wa find atrophy of the voluntary muBoloB snpplied by nerre* arlBing from the 
ponaandntedulta, but nodifficaltylQ ileglutitioaorartianUtioo. I bavo recorded 
BQch a caae (see Brain, Part li. p. 396), in which the TOaaoles ot oaa-haK of the 
tongue were in an adTiDced stage of atrophy, but in which there were no 'bulbar' 
BjmptumB proper. The condition ol the tangna had evidently lasted for some 
time, but the patient did nut know that there was anything the matter with it. 
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Fia. 115. Fio. IIS. 

Flo. IIS. — AtToply of tilt ba^ar ntaida in Progrtttive Mmeniar Abvpif, 

{AJitr DwAmiu.') 
In the erect positioD tlie buk is cnrred, aa that & line, diswn porpeDdlciillrl]' 
downwirde from the ahoulden, fallj behind the saemm. 

Fia. lis.— Atrofky of ilic tMominal mutdet » Prosrtuivt Mmtcular Aln^kg 

(_AJUr Dachauit.) 

The back ia bent backmrds b; the tuiopposed acUon of the lambw mnnlet 



§ 160, Diagnosis, — The symptoms, negative and positive, 
clearly show that the lesion is limited to the anterior comiL' 
The disease can only, therefore, be confounded with polii>- 
myelitis anterior acuta, oi with ^eparaiyHe girUrale spinaU 
anieriAire suiaigue of Duchenne, 

a ipinal lenon, and that It ii not 
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The differetUutl diagnosU of progressive imiscuXar airopki/ 
and polio-myelitis anterior acuta is seli- evident. The mode o£ 
onset of the attack (very gradual in tlie fonner, acute in the 
latter); and the fact that in polio-myelitis anterior acuta the 
paralysis is the first event and the atrophy secondary, whilo in 
progressive muscular atrophy there ia no paralysis, but only 
muscular weakness iu proportion to the musciJar atrophy, are, 
irrespective of the many other differences, absolutely con- 
clusive. 

The differential diagnosis of progressive muscular atrophy, 
and the paralysie gMrale spinaU aiUeriiiiTe sahaigwi of 
Duchenne has already been considered. (See page 186.) 

The main en griffe, which results from lesions of the ulnar 
nerve, may be mistt&en at first sight for progressive muscular 
atrophy in its early stage ; but the appearance of the hand 
is somewhat different (see figs. 107, 108, 110, and 111) ; while 
the history of the case, the presence of an injury or cicatrix 
in the course of the ulnar nerve, and the condition of sensa- 
tion, are quite distinctive. The pointa ol difference are slioivn 
in the following table : — 

Differential diagnosis of progressive museuiar atrophy in its 
first stage, aiul paralysis resulting from a li^ion of the 
ulnar nerve. 

Ledon of THiikt tferre. 

In traumatic oucs the tmtcl 
18 «udden, and the parnly- 
gis precedes tlic iLtrophj. 

The ring aud lillle fingers 
lire much more bent tli.Tii 
the nthere, forthcfirHt ttvo 
lumbricivl mueciv?, irhich 
arc sapplied bj a lirunch iif 
Ihc meuian ncrvr, escape. 

Anesthesia of the skin of 
hijth sidL's of the little, 
and of the nlnar side of 
the ring finger. 

Tniphie allenitione iu skiu 
AUppIiedbythetilnArncrve 
iiiny Iw present. (See fig. 



Okbet. 



e Utucnlar Atrophy. 

Very grndoal— the alorpliy 

is the Grit event, the nii>- 

tor ifca knees secondary. 

Apfeabakce of Ail the fingi^ts are eijuilly 



THE Hand. 



flexed, for nil t!ic inter- 
osisei are equally airo- 



Tre Tbofiuc No tropliic alteraiioi 

COKDmOM OF 

E Skin. 

pposED Often indinincL 



In 



■raLatic cases therein 
n hielorj of aii injury, or 
the presence of a cicatrix 
in the courM of the ulnar 
nerve. 
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Secondary lesions of the ayUerioT comual region, may 
produce a muscular atrophy, which, so far as the condition of 
the muscles is concerned, exactly resembles that seen in the 
advanced stages of progressive muscular atrophy. The history 
of the case, and the mode of onset of the atrophy are how* 
ever quite different ; in all the secondary forms of atrophy, 
such as muscular atrophy complicating lateral sclerosis; 
amyotrophic lateral sclerosis; muscular atrophy complicat- 
ing sclerosis of the postero- external columns, etc., spinal 
symptoms of a distinctive character precede the atrophy, 
which does not follow the classical type. 

§ 161. The Prognosis is unfavourable ; most cases ulti- 
mately terminating in death. The duration is very variable : 
the majority of cases last for several years; some run a 
rapid course, and prove fatal within two years ; occasionally 
the progress of the disease is arrested, and this happy result 
seems sometimes to be due to treatment. 

Cases which progress rapidly, in which the atrophy 
tends to become general, and in which the disease is 
hereditary, almost invariably terminate in death ; the prog- 
nosis is more favourable in those cases in which the disease is 
limited in distribution, and in which an exciting cause, such 
as over-use of the affected muscles can be clearly traced. 
Where the intercostal muscles or diaphragm are affected, or 
where the lesion has invaded the medulla oblongata and pro- 
duced bulbar symptoms, a fatal termination is generally close 
at hand.^ 

§ 162. Treatment. — ^Almost all authorities are agreed that 
the mtemal remedies which we at present possess are of little 
or no avail. The treatment should consist essentially in 
attending to the condition of the general health, and in the 
systematic exercise of the affected muscles by gymnastics, 
kneading, and above all, by electricity ; each muscle should be 
regularly exercised in the manner described on page 168, and 
the constant current may at the same time be passed through 
the affected portion of the spinal cord. Arsenic, strychnine. 



1 a limited atrophy of the tongue without bulbar symptoinBt aa in the case to 
which I have preyioualy referred, does not of necessity indicate a speedy termioa- 
tioik 
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iron, and nitrate of silver may be given internally. In syphi- 
litic cases iodide of potassium should of course be prescribed. 
In persons who inherit a tendency to tlie disease, care must 
be taken to avoid all the exciting causes which we know by 
experience are apt to set up the condition ; it is particularly 
important to avoid the over-use of any set of muscles ; ex- 
posure to cold and wet must also be carefully guarded against. 

PSBUDO.HYPERTROPHIC PARALYSIS. 

This affection resembles progressive muscular atrophy, in- 
os-much as certain muscles undergo slow and gradual atrophy ; 
and that motor weakness, corresponding in degree to tiie 
amount of muscular tissue destroyed, is gradually developed. 
It differs horn progressive muscular atrophy; (1) in the fact 
that it is essentially a disease of early life ; (2) in the order 
of development of the symptoms — the atrophy commencing 
in the muscles of the lower extremity, and showing no 
tendency to invade the small muscles of the hand, which are 
almost constantly involved in progressive muscular atrophy ; 
and (3) in tlie circumstance that some of the affected muaden 
become increased in size. This increase is not a true hyper- 
trophy, but depends upon an increase of the interstitial fibrous 
tissue and fat, hence the name pseudo-hypertrophic paralysis 
which has been given to the aft'ection. 

§ 163. Pathology. — It is still undecided whether pseudo- 
hypertrophic paralysis is due to a spinal lesion or to a local 
affection of the muscles. Analogy would, I think, lead us to 
suppose that the disease is due to a lesion of tlie anterior 
comn. Opportunities of examining cases post-mortem are not 
frequent, and the few cases which have been, as yet, thoroughly 
investigated have yielded contradictory results. Thus, Charcot 
and Cohnheim have found the cord perfectly sound, while 
Gowers and Drummond have observed alterations in the grey 
matter. In the case examined by Drs Gowers and Lockhart 
Clarke, ' changes were scattered throughout the entire length 
of the cord, the most extensive lesion being found in the 
lowest part of the dorsal region, where in each lateral grey 
substance was an area of disintegration, amounting to an 
actual cavity outside each posterior vesicular column, which. 
with the caput comu posterioris, and anterior comu, was 
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undamaged.'^ In the case recently reported by Dninunond' the 
grey matter of the anterior horn, at ite junction vith the 
posterior comii and in ite lateral part, wa& softened and dis- 
integrated, 80 titat a cavity wus formed in the centre of the 
cord. This cavity, which had no proper cyst wall, was of 
lai^e size in the lumbar enlargement, where it caused the cord 
to bulge out laterally, and extended through the dorsal and 
cervical r^ons. ' With a high power (^ inch), minute disin- 
tegration could be traced through the lateral ^ey network 
of both Bides, the degenerative appearances being most con- 
spicuous around the blood-vessels.' The nerve cells of the 
anterior horn were both numerous and healthy. In describing 
these appearances, Dr Drummond cautiously says, ' I do not 
mean to assert confidently that this lateral disintegration or 
tearing was of pathological significance ; it may have been due 
to the manipulation, but I am inclined to think otherwise. 

It is, then, still doubtful whether pseudo-hypertrophio 
paralysis is a disease of the cord or a disease of the muscles. 
But since the condition presents so many analogies with 
progressive muscular atrophy, it seems only proper to consider 
it along with that affection. 

The ayTuiiiioii of the Muscles. — The affected muscles undergo 
simple atrophy; the interstitial connective tissue is largely 
developed ; fat cells are deposited between the muscular fibres. 
The increased size of the muscles is due to the increase of 
theee interstitial products; the atrophy of the muscular 
fibres seems in great part secondary, and it probably depends 
upoa the pressure of the interstitial fibrous tissue and faL 
The changes in the muscle are well seen in figure 119, which 
is copied from Gowers.* 

While these sheets were passing through tlie press, I 
received from Dr MUner Moore of Coventry, the spinal cord 
and a portion of the heart of the case of psuudo-hypertrophio 
paralysis (that of J. S.) reported by liim in the Zaiicet, June 19, 
1880. 

Time has not permitted an exhaustive investigation, but I 
have been enabled to examine part of the cervical and dorsal 

< Pteada-UyprHmpldi: Panlsnt, pago 43. 9 Lanctl, Oct. 15, IBSl, p. SSL 

* In all organs kn iucreue in the ioterstitiil coDUecliTo tisaue ia followed bj 

-niiij of tlm pvacbjnna (Che propor elomenti) of the organ. Tlie mofil etriking 

"^OD of this pttbnlogic*! fact U tbe itrophf of the liver celli, which ocoura 

O^of Uialorgtn. 




{A/tee Goavn.) 

Fit oelli lepanto two t»cta of nocleated Bbroua Ubido, codUIdIdk itrklad 
niDKulir fibres. The Utter &ra much nairowed, and Irregalu' la t' ' ' 
preserve their IruiKverBe itrlmtlon except la the lurroweit portion. 




Fio. 117. Hvtcalar^afrtm Aa 



(OH tff Progratiet Mataiiar AlnqAji. 
(A/Ut CAoreoi) 
flbroB (a) are much alrophbd, but preaacre their ti 
laue iuterrala (b) are enlarged 



Fia. 118. BtMif MMmbrjUmyhm Ike tlicqitnigm, ikovteg As v^mcfi. w 
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In the iectioD ehonu in figure 12D, the dotted Hoe represents a portion 
of the projectiDg maBS which vraa detached in the procesa of mounting. 
(The actual eine ol the projection waa, liowever, coijeiderably larger than 
the dotted line indieatea, for a portion of it waa detached hefore the 
Epecimen was placed in the miurotome.) In figure 122 the relative 
positions of the cord and the outgrowth from the lateral column are seen. 

At the upper level of the out-growth from the lateral 
column (see fig. 122), the grey matter is of norraal shape, the 
detached wedge-ahaped portion having disappeared ; the pro- 
jection from the lateral colimm is composed of a central grey 
nucleus containiug numerous dilated blood-vessels and some 
nerve cells, and of an external layer of white matter, the 
nerve tubes being concentrically grouped round the central 
grey mass, and running horizontally and not vertically, as the 
fibres of the lateral column normally do. 

At thelower partof the cervical enlargement, the outr-growth 
from the lateral column has disappeared, but the grey matter 
on the right side is still split up by a band of white matter 
(see fig. 123) which passes into it from the posterior column. 

This peculiar alteration in the shape of the grey matter, 
and the out-growth from the lateral column were probably, 
1 think, congenital malformations, and not the essential lesion 
in the case. It is, however, important to remember that a very 
similar out-growth from the lat^^ral column was present in Dr 
Drummond's case ; it is therefore probable that in pseudo- 
hypertrophic paralysis there is a strong tendency to congenital 
m^tonnations in the arrangement of the grey matter and in 
the shape of the cord. 

2. Collections of leucotytes and patches of inftammaiory 
softening around the hlood-vessels. — Collections of leucocytes 
(see figs. 124, 125, and 126) were scattered throughout the 
grey matter in the cervical region, they were especially large 
and numerous in the district of the median branch of the 
central artery. The nervous elements, around some of the 
most recent extravasations, exhibited evidence of inflammatory 
irritation, the axia-cylinder processes being hypertrophied, the 
cellular elements extremely numerous, and the nerve cells 
themselves, every here and there, enlarged. In those parts of 
the grey matter in which the extravasations were extensive, 
the nervous elements were entirely destroyed. Collections of 
leucocytes were occasionally also seen around the blood-veeaela 
in the white columns. 
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regions ; and as the appearances are very striking, I now 
publish the following preliminary not«, premising that when 
the examination is completed, Dr Milner Moore intends laying 
the full clioical particulars, t<^tber with my detailed report 
of the post-mortem appearances, before the profession. 

The naied eye examination o/ the spinal cord. — The mem- 
branes were healthy. In the middle of the cervical enlarge- 
ment the lateral column of the right side was misshaped by 
a projection or out-growth, which measured from above down- 
wards a little more than half an inch. The surface of the 
projecting mass, at its most prominent point, was irregular and 
disintegrated, and exactly resembled nervous tissue in a state 
ot softening. The tip of the filum terminale was swollen, and 
presented the same ragged, disint^rated appearanca 

On cutting across the cord at the level of the bulging (the 
cord had been for several weeks in a four per cent, solution of 
bichromate of ammonium before I received it) the irregularity 
of the lateral column was rendered very evident, and in the 
lower part of the cervical n^ion a distinct fissure was seen on 
each side of the cord in the central part of the grey matter. 

The cord was cut up into small pieces, some of which were 
returned to a four per cent solution of bichromate of am- 
monium ; while others were placed in a solution of bichromate 
of ammonium and per-osmic acid. 

After remaining, for five weeks in all, in the hardening 
fluid, three portions ot the cen'ical and four portions of tba 
dorsal regions were examined. 

Microscopical examination of the cervvxd region showed : — 

1. A ewrioits alteration in the shape of the right lateral 
half of the cord, and in the arrangemeni of its grey matter, 
which reached its highest degree of development in the 
middle of the cervical enlargement (see fig 120), 

In that section the central grey matter is seen to be split 
up by a band of white matter (a), which is continuous with the 
white matter of the posterior column, and by a. fissure, which 
extends from the surface of the posterior column deep down 
into the grey matter of tlie anterior horn. (The size of this 
fissure was much increased iu the process of mounting.) 

A narrrow wedge-shaped mass (see figs. 120 and 121) is 
detached from the main portion of the grey matter, and runs 

Kout to the surface of the cord, and into the projecting 
on of the lateral column. 
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3. In the lower part of the cervical enlargement the grey 
matter on both sides of tJie cord was lacerated and fissured. 
The examination of numerous sections has convinced me that 
this appearance was probably produced during the procesa of 
hardening. The primary lesion in this case was, I believe, 
the extravasation of leucocytes and the subsequent occurrence 
of patches of inflammatory softening around the blood-vessels; 
during the hardening process these softened patches gave way, 
and fissures were in this manner produced. The position of 
the fissures is, I think, explained by the fact that numerous large 
arteries pass through flie central part of the grey matter, 
and that the extravasations of leucocytes and patches of 
softening reach their highest degree of development around 
these large vessels. 

The nerve cells were very numerous, and some of them 
appeared to be hypertrophied. 

The dorsal reyion of the cord was normally shaped ; on 
microscopic examination a few small collections of leucocytes 
were seen in the grey matter. The hlood-vessela throughout 
the dorsal region, and indeed throughout all parts of the cord, 
which were examined (see fig. 123), were extremely numerous 
and abnormally dilated. 

The examination of the heart. — In tlie wall of the left ven- 
tricle, numerous degenerated patches could be seen with the 
naked eye ; and on microscopical examination they were found 
to consist of wavy bundles of connective tissue. The atrophy 
of the muscular fibres does not appear to be a simple one, 
such as is described by Dr Gowers ; but so far as 1 can at 
present judge from a somewhat hurried examination, the 
muscular fibres first become swollen, and filled with minute 
fatty granules ; their nuclei are in places prominent; finally, 
they atrophy, and are, I believe, transformed into the wavy 
bundles of connective tissue. These appearances are shown 
in figs. 127, 128, and 129. 

In this case, then, very striking alterations were found in 
the spinal cord ; and the fact that three independent observers 
have found very similar changes seems to show that the lesion 
is by no means an accidental one. It is probable, I think, that 
the same changes will again be found in advanced cases of the 
disease. These cases do not, however, prove conclusively that 
pseudo-hypertrophic is, from the first, a disease of the spinal 
cord, and not a primary affectioii of tlie muscles. 
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§ 164. Etiology. — Pseudo - hypertrophic paralysis is 
essentially a disease of early life. The great majority of cases 
commeiice before the tenth year.' Boys are much more fre- 
quently affected than girls. In a considerable number of cases 
the disease is hereditary, and it presents the remarkable 
peculiarity that, wliile the females of a family suffer much 
less frequently than the males, the disease is almost 
exclusively transmitted through the female line. The expla- 
nation of this circumstance is to be found in the fact that 
females ai'e rarely affected, and that in males the condition 
commonly leads to death soon after the time of puberty. 
The causes of the condition, witli tlie exception of the here- 
ditary tendency, which is present in many cases, are unknown. 
Dr Gowers thinks the disease less common amongst the poor 
than amongst those in better circumstances. In some cases, 
an acute febrile attack, such as measles or scarlet fever, aeema 
to arouse the latent tendency into activity. 

§ 165. Onset, S'V'mptoms, and Course. — The commence- 
ment is very gradual. The first symptom is weakness and 
imsteadiness in the lower extremities. The child appears to 
be clumsy, and frequently stumbles or falls. This motor 
weakness in the lower extremities gradually becomes greater, 
and the characteristic attitudes and gait are developed. 

The attitude. — The patient stands with his feet wide apart 
(see fig. 130), so as to enlarge his base of support as much aa 
possible. The heels are usually drawn up as the result of re- 
traction of the tendo Achillis. The bock is 9tronglycur\'ed back- 
wards, and in many extreme cases, as Duchenne pointed out, a 
vertical line from the middle of the shoulders falls behind the 
sacram. The hands are extended by the sides, and are used to 
balance the body. The attitude is a very striking one; and 
it is remarkable that the upright position can be maintained 
at all ; it shows the extraordinary power of balance and 

1 ' The dale of the e»rlie»t gyniploms ia giveii,' asyg Dr Qowere, ' in ihe recordB 
iif 1<1D CBBpg — lis males uid 16 females. In oDO-hair ol Ihe male cksea tbe diKMa 
conuneDced before tbe sixtb year, sod {□ 102, or nbout 76 per cent., before tbe lanth 
jFcar, On the other baud, d( 16 ciMeain ^r1s,fQ one odIj did tba first maDlTeatation 
of tha diacBso colndde vdth tbe first mdluDg; in only three cuea did it commeuos 
before the aiith fear, atid in ocl; nine csaoa before llie leutb year. Thna the 
diseue beglDB [n or after [he tenth year lu ooly 26 per eeat, of the luoles, bat in 50 
per cent, of tbe femalaa who suffer from lL'—Picudti-hj/ptrlr'>pl>ic Fomlgnt, p. M. 
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atljustmeut that can be obtained under very unfavourable cir- 
cumstances. Although the patient can stand and maintain his 
equilibrium ao long aa he is undisturbed by external condi- 
tions, he is extremely insecure, the slightest touch in any 
direction being sufficient to throw him down. 

The an t*ro -posterior curvature, which is Buch a striking feature when 
the patient stands up, entirely disappears irhen he assumes the sitting 
position. Duchenne ascribed the curvature o( the spine to ■weakness o( 
the spiual eKtensor muscles, Dr Gowers thinks it doubtful whether the 
lordosis is mainly due to this cause. ' Weakness of these muscles may,' 
he says, 'asDuchenneshowcd, cause the shoulders to be carried far back, 
Boas to bring the centre of gravity of the upper part of the trunk as far 
back as possible; but, acconimg to his descriplion.the inclination back- 
wards from this cause starts from the pelvis, which is more extended on 
the thigh-bonca than normal. But in psendo -hypertrophic paralysis, in 
the erect posture, in which posture alone the lordosis is observed, I have 
found that the pelvis is much less extended, its inclination forwards is 
much greater tmin normal. This ioclination is probably due to the weak- 
ness of the extensors of the hip, and the lordosis is apparently connected 
with it, since the lowest liuubar vertebne share the direction of the 
sacrum, the weight of the abdomen falls unduly forwards, and a com- 
pensatory backward inclination of the dorsal spine is necessary to 
Keep the centre of gravity in the normal position. — I'seudU'hyptrtroptae 
Parali/as, jiage 31, 
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Tke Gait. — The patient stands in the position described 
above; the gait is ' waddling,' the body oscillates from side 
to aide ; there is an evident difficulty in flexing the thigh on 
the abdomen, and in projecting the foot forwards. At each 
step the foot is raised, but the movement in advance is small. 

According to Duchenoe, the peculiar gait ia due to veakneBS of the 
gluteus medius muscle. 'Thia muacle nonaally,' aaya Dr Gowere, 
' counteractB the tendencj of the piilvia tX each step to incline towards 
the leg, which is off the groaiid; und if the muBcle is weak, the weight 
of the body has to be thrown further over the anpporting leg than in 
health, aud hence the oscillating gait.'> Dr Gobb differa from this 
opinion, and thinks that the oscillation in walking, instead of being 
caused bj paralysis of the gluteus medius is Decessarily effected by 
n of the muscle.' 



Another remarkable peculiarity, which results from the 
muscular weakness, is the fact that the patient has great diffi- 
culty in rising from the recumbent or sitting position. Indeed 
in advanced cases he may not be able to raise himself at all. 
Even in the earlier stages he makes use o£ his arms, catching 
hold of chairs or other pieces of furniture, and dragging up his 
body by means of the upper extremities. When he has 
nothing to take hold of, he goes through the series of move- 
ments represented in flg, 131, which is taken from Dr 
Ciowers' able lecture on the subject. The nature of the move- 
ments will be readily perceived from the following description 
of a case which I have reported in the Lancet ; ' ' the patient 
lias the greatest difficulty in rising from the recumbent posi- 
tion. If laid, for example, on his back on the floor, and told 
to rise, he would first with great difficulty turn on to his face ; 
he would next get on to his kneea, the head being almost 
between the thighs ; from tliis position he would ^wlually 
extend himself and assume the position shown in fig. 132. 
Finally, he would extend the hip-joint by grasping the thigh 
with the hand, and pushing up the body, as it were, by the 
arm.' 

The peculiar manner in which the patient ' climbs up his 
thighs ' is very characteristic, though it is not pathognomonic 



> Lae. ejt, page 81. 

* Diteata afOu Ifervem Sgilan, pigo 189. 

■ LaMft, AoguBl ath, 1879. 
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I have seen the same action in a case of rickets, and in that of 
a. woman with a diseased (malacosteal) pelvis, 

By placing the bonds on the knees the patient is able by the force 
of the arm to aid the extension of the leg on the thigh, i.f., to 
straighten the knee; aad by climbing up the thigha he helps the ex- 
tension of the hip-joint, as I luTe already described. 




Tit oHitHdu iMicJi palienti uM pKwh-hgpa'lnflae Paralgiii aimmi in riiitig/mi 
Iht rteunJ/tii to Oe tnet pontion. {A/Ur Gi>utr$ ) 
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Should the patient come under observation at an early 
period of the disease, the calf muscles will probably be found 
to be large and firm ; they stand out prominently, and appear 
to be in a permanent condition of contraction. But notwitb- 




Fio, 132. 
ClimUng i<p lAe Ihii/IU m Pitudo-lispertrophic /'orolytu. (,A/ltr Goveriy 
standing this apparent hypertrophy, their motor force 13 very 
distinctly weakened. The amount of contraction, too, which 
can be produced by a powerful Faradic current ia below the nor- 
mal. The reflex movements of the affected muscles are in the 
earlier stages diminished, and at a later period, abolished. If a 
small portion of muscle is withdrawn by means of Duchenne's, 
or, better still, by Leech's, trocar, the increase of the inter- 
stitial fibrous tissue and the atrophy of the muscular fibres 
can be demonstrated during Ufe. During the active period of 
the disease, i.e., while the production of the interstitial con- 
nective tissue is rapidly progressing, the temperature of the 
affected parts may be above the normal^ 

1 In the case roporUiil by ma In tbe LancH, tlie tOTupcntuis meunramanta 

Eigbt cilf, 98° P. 

Loft elf, M.eF. 

Aiill. S&fi-P. 

Wh«reu in beslth; boja I Imvc uev<.-r luund tbe Burlnoe tcmprraturs of tbe rslf 
u high M tut o[ tho uill*. 
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In the course of time other muscles become involved, aud 
ultimately almost all the striped muscles of the body, includ- 
ing the heart, may become affected. It is seldom, however, 
that all the muscles become hypertrophied, as represented in 
figs. 133, 134, 135, which are copied from Duchenna Asa 
rule, the enlargement is limited to a Eew muscles, the calves 
and buttocks being most frequently enlarged (see figs. 136 
and 137), while others are atrophied ; the latissimus dorsi 




Fio. ISC Pia. 197. 

Ptatdo-hi/ptTlropInc pnralyai, thoteiiig aJargtmtnt of tkt ealra and (ttOiiab. TU 
iack if curtifd, and a line rlraviii dmatwardi from tkt tntpnlm falU Mind (4t mctmh. 
{Afttr DiKhrnat.') 
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and the sterno-costal portion of tbe pectoralis major are, 
according to Dr Gowers, very frequently wasted, a. fact 
which he considers of considerable diagnostic value, since it 
often occurs in cases which are otherwise untypical. The 
cirrhosis of the calf muscles usually produces a condition of 
talipes equious, and the patient is unable to stand with his 
heels on the ground (see fig. 130). 

The sensory f unctions of the sitn are usually quite normal 
The functions of the bladder and rectum, are seldom in- 
terfered with, but occasionally a temporary condition of incon- 
tinence of urine occurs towards the termination of the case. 
The inteiledual faculties and other cerebml functions are 
in some cases perfectly natural ; in others, the mental faculties 
are imperfectly developed ; occasionally tlie patient is quite 
idiotic. 

The duration of the disease varies in diflerent cases, but 
it is generally very chronic. Cases which develop soon 
after birth, seem to run a more rapid course thau those 
in which the development is later — a circumstance which is 
explained by the fact, that the tendency to the disease is bom 
with the individual ; and that the stronger the latent (t.e., 
congenital) tendency, the earlier does the active manifestation 
of it appear, and the more severe and rapid is the course. The 
disease usually runs a more rapid course in boys than in girls. 
Death may be due to simple exhaustion, but generally results 
from some complication, such aa bronchitis or pneumonia. 

Diagnosis. — In typical cases tlie clinical picture is so very 
striking that the diagnosis is at once evident to any one who 
has seen a case before. The attitude and gait are patht^o- 
monic ; the peculiar manner in wliich the patient raises him- 
self by climbing up his thighs, though not absolutely distinc- 
tive, is highly characteristic. The facts, that certain muscles, 
more especially those of the calves, are apparently increased 
in size, while their motor power is diminislied, and that other 
muscles are atrophied ; together with the age and sex of the 
patient, are of the strongest diagnostic value. Dr Gowers * 
thinks the atrophy of the tatissiinus and lower portion of the 
pectoralis major scarcely less significant, in a diagnostic point 
of view, than the condition of the calves. 

1 Pirudo-hi/pfTlrophie paralt/tii, pigi- SO, 
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Prognosis. — The prognosis is very unfavourable. Al- 
most all cases terminate sooner or later, in death. The earlier 
the development, the more rapid the course. Aa I have pre- 
viously mentioned ; males are usually attacked more severely 
than females. 

Treatment.— The treatment, which has been hitherto em- 
ployed, has been of little avail. The general health must be 
carefully attended to ; the patient should have plenty of 
fresh air and good nourishing diet, and general tonics may be 
given. The nutritive condition of the affected muscles must 
be maintained in the highest possible state of efficiency, 
systematic muscular exercise, and the application of the 
Faradic current to the muscles, are the means to be employed. 
Duchenne states, that he cured two cases by the interrupted 
current, but other observere have not been equally fortu- 
nate. 

Dr Gowers points out, that when, from any cause, 
the patient ceases to walk, the weakness in the muscles 
rapifUy increases ; contractures and deformities must, there- 
fore, be prevented by passive exercise, and, if necessary, by 
section of the tendons ; mechanical appliances and supports 
sometimes enable the patient to move about longer than 
he would otherwise do, and should therefore be employed. 
The patient must be carefully guarded against cold and 
exposure, for, as in all chronic spinal diseases, the end is 
often due to some intercurrent pulmonary affection. Ar- 
senic seems to have been of use in some cases (Dr Meryon), 
and phosphorus is, according to Dr Gowers, sometimes bene- 
ficial i but drug treatment is, as a rule, of little avail. 
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f 1-. Primary lateral sclerosis, 
ta-^ 2. ■ ...... 



A. FriTnarii system lesions < 2. Amyo-trophic lateral scle- 

(. rosia. 

B. Seamdary syatetn lesions. — Secondary descending de- 
generations. 

C. Indiseriminate lesions. 

PRIMARY LATERAL SCLEROSIS. 
Synonttm. — Spastic or spasmodic paraplegia. 

This is an extremely rare affection, which has only 
recently been recognised as a distinct disease. 

Pathology. — The lesion is a symmetrical aclei'oaia of 
the crossed pyramidal tracts. The morbid process seema 
to commence in the connective tissue. The nerve tubes b&- 
come compressed, strangled, and ultimately destroyed. Tho 
position of the lesion is seen in fig. 139, and in the chromo- 
lithograph drawing which faces page 48. 




Tnainrn HcUtm o! ths ooid sliowlug & gymmetrical Isalan of the crc 
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General Considerations and Etiolooy, — The disease is 
eentially an aCTectioQ of adult life, usually commeiicing 
between the ages of thirty and fifty. The male sex ia 
mora liable to the affection titan the female. The causes of 
the condition are quite unknown ; in some cases exposure 
to wet and cold is blamed, but whether it ia actuaUy the 
cause of the condition is very doubtful. The affeetiou seema 
usually to attack robust muscular individuals. There is, how- 
ever, a. congenital form, which probably depends upon arrested 
or abnormal development of the motor tract, or which reaulto 
from injuries to the motor tract received at the time of birth, 
e.y., injury to the skull by the forceps, etc. 

Onset, Symptoms, and Course. — The affection, which is 
an extremely chronic one, may conveniently be divided into 
three stages : 

First. A stage of incomplete spastic paraplegia, which 
usually lasts for several years, and during which the patient 
is able to walk about with the help of sticks. 

Second. A stage of complete spastic paraplegia, which may 
also last for years, and during which he is confined to bed, 
the legs being rigidly extendi. 

Third. A at^e of extension of the morbid process, and of 
complications, in which muscular atrophy, cystitis, and bed- 
sores may develop, and in which intercurrent attacks of 
pneumonia or bronchitis are apt to occur. 

First Stagt. — The onset is extremely slow and gradual. 
The first symptom is a feeling of weakness, weight, and stiff- 
ness in the lower extremities, in consequence of which the 
patient experiences some difficulty in walking. 

Occaeionally th<? motor weakness and BtiffoesB is preceded by pain 
in the back and Htnba, but these sensory disturbances are not constant 
or cbarocteristic. They probably depend apon a limited meningitis. 

Should the patient present himself for examination at 
this stage of the disease, the only abnormal condition which 
can be detected is slight stiffness and rigidity in the lower 
limbs, and increase of the deep reflexes. 

The weakness and stiffness gradually increase, and the 
tharaderidic gait becomes fully developed ; the patient walks 
with two sticks ; each step is attended with evident effort ; 
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the feet appear to be stuck to the ground, and can only be 
moved forward by raising the pelvis, and -with it the limb aa 
a whole. In tins process the back is strongly arched, the 
chest thrown forward, the patient leans forcibly, first on one 
stick and then on the other, and appears to aid the elevation 
of the trunk by movements of his arms. The toes are 
dragged along the ground with an unpleasant scraping noise, 
the knees are apt to interlock, and the foot which is being 
brought forward tends to cross in front of its fellow. In some 
cases, after the toot leaves the ground, a peculiar hopping 
movement of the whole body is observed. It is due, accord- 
ing to Erb, to spasmodic contraction of the calf muscles. 

Rigidity, spasmodic twitcliings, and tremors, which may 
arise spontaneously, but which are generally due to some 
extemd (reflex) irritation, or to attempts at voluntary move- 
ment, affect the muscles of the lower extremities. Should 
the patient press upon the balls of the tx^es, when in the sitting 
or even in the standing position, a rhythmical tremor (the 
ankle clonus} is sometimes spontaneously set up. 

Tfie condition of tlu affected mvscles. — The affected muscles, 
which are tense and r^d, especially when manipulated, present 
no trace of atrophy, and their electrical irritability presents no 
distinctive alterations ; some writers state that there is a 
' simple increase ' to both forms of current ; but in most cases 
the electrical reactions are normal, or there is a simple 



The deep reflexes, are markedly exa^erated, the knee-jerk 
being very marked, and the ankle clonus readily obtained ; 
a knee clonus may sometimes be elicited; and not unlre- 
qnently a blow upon one tendon produces a jerk of the 
opposite leg (radiation of the reflex). Any manipulation or 
external irritation throws the whole limb into a condition of 
tonic spasm. The superfteial reflexes are sometimes exag- 
gerated, sometimes normal, sometimes diminished or even 
abolished. 

I formerly eupposed that the diminution of the Buporficial reflexes, 
which IB Hcen in some cases of spoBtic paraplegia was odIj apparent, and 
that moveme&ta of the leg did not result from tickluig the sole, be- 
cause the vholo lirub wsa thrown into a state of tonic extension b; the 
reflex irritation. I still think that this explanation applies to some 
cases, but the examination of a well -marked case of secondary Bpastio 
paralfsii, which I have recently had under obsciration, has shown me that 
the superficial reflexes ma; actually be absent, while the deep refleie* 
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c markedly eiaggerated. ThiB fact can ooly be explaioed in one of 
two wnjH, either by BUppoeing tbat the two sets of retlei itnpulaea cuter 
thecord bydiffereot cliannels, and that thereia a break ta the super- 
ficial, but not in the deep reflex arc ; or, that the so-called deep re- 
flexes are not true refleies. If caaes do occur in which the deep reflexes 
Kre exaggerated, the aupei^cial reflexes diminished or abolished, and 
the aeneury functiont normal; if, in other words, it is poaaiblo for a 
lesion confined to the pyramidal tractn to produce exaggeration of the 
deep, without causing exaggeration of the superficial reflex movemenla, i 
we must, I think, conclude that the two phenomena are essentiallj J 
different. Such a condition of matters would, to my mind, be a strong ' 
argument in favour of Dr Gowera' view that the Bo-called deep reflexes 
are compound phenomena, aod that the blow upon the tendon pro- 
duces direct stimulation of the uiuacular fibres, the irritability of which 
has previously been rejiexty increased by passive tension of the muscle. 

There are no objective sensory disturbances, though 
increased susceptibility to cold ia commonly observed. The 
bladder and rectum are usually cLuite normal; there are no 
cerebral complications; the digestive and other oT^ans are 
healthy. 

Occasionally, according to Erb, the lesion may afl'ect one 
leg only; or, it may involve one leg and one arm. It ia then 
apt to be confounded with cerebral hemiplegia. 

Second Stage. — This state of matters lasts for a consider- 
able time, it may be for several years, but tlie stiffness and 
weakness graduaUy become greater, and the second stage of the 
affection is at last reached ; tlie power of locomotion is now 
destroyed ; the patient lies in bed with his legs stiffly extended, 
the thighs closely approximated as the result of spasm of the 
adductor muscles, and tlie feet inverted. Ultimately the 
upper extremities may become affected in exactly the same 
manner as the lower ones. 

Third Stage. — After the second stage has continued for 
some time — generally for some years — the morbid process 
may extend to the anterior cornu, or to the postero-extemal 
columtL Should the anterior cornu become invaded, tniiscular 
atrophy gradually invades the affected muscles, the rigidity 
and stiffness slowly decrease, the reflexes diminish, and 
ultimately become abolished. When the postero-external 
column is invaded, liffhtning-likc pains and inco-ordiiialiati 
are superadded. In some casea cystitis or bed-sores develop, 
and the patient dies from gradual exhaustion or from pytemia ; 
in many cases he is carried off during the second or thiid 
stage of the affection by some accidental complication. 
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The duration of the case ia extremely long, ten, fifteen, 
twenty, or even naore years.' The affection does not of itself 
geem to destroy life ; death generally resiUta from some inter- 
current affection, such as pneumonia or bronchitis. 

Diagnosis. — The rigidity and increase of the reflexes 
(positive symptoms), together with the facts, that the miwcles 
axe well nourished, and that there is no derangement of sensi- 
bility, nor of the bladder and rectum (negative symptoms), 
show most clearly that the lesion is limited to the pyramidal 
tracts. 

Having arrived at this conclusion, we have next to deter- 
mine whether the ' lateral aclerosis ' is primary or secondary. 
It is important to remember : — that primary lateral sclerosis 
is an extremely rare affection ; that exactly the same motor 
symptoms (weakness, spastic paraplegia, and increase of the 
reflexes) result from the comparatively common condition, 
secondary descending degeneration; that we are never justi- 
fied in diagnosing a primary lateral sclerosis unless the 
history shows an extremely slow and chronic onset ; and unless 
we can satisfy ourselves that there is no primary lesion pre- 
sent which could give rise to secondary descending degenera- 
tion. The conditions which are most likely to be raiataien for 
primary lateral sclerosis are : ( 1 ) a chronic transverse myelitis, 
which has produced secondary descending degeneration of the 
pyramidal tracts: (2) any lesion which produces slow com- 
pression of the cord, and which causes secondary descending 
degeneration. In making the diagnosis, special attention must 
be directed to the condition of sensibility, and to the state of 
the vertebral column. 

It would of courae be impoBsible to diHtinguish primar; lateral 
■cleroBiB from a chronic iQdiscrimiiiBte lesion, such as cerebro- spinal 
sclerosis, which chanced to be limited to the pyramidal tracts ; but in 
practice such ditficultiea are not likely to occur. The future course of the 
case, and the development of fresh and characteristic eymptoroB, would 
be the only means of arriTing at a correct conclusion in auch cases. 

Tkt differential diagnosis ofpriinary and secondary sclerosis 
of the pyramidal tracts in the lateral column is given in the 
table on page 218. 

In ■ csss vhjcti c*me under m; obMrvation in the yiwr IST7, tod whioh I 
bava recorded io tlta Mtdicat lima and GauUt, Dec 6, 1879, p. 633, the affi^clioa 
bad oomnwDced iIitm jnars prsrioasl]'. It ie sdll » iTafii quo. 



TREATMENT. 



217 



Prognosis. — The prognosis as regards life is good; un- 
complicated cases run a very chronic course, for the condition 
does not of itself tend to produce a fatal termination. 

The prognosis as regards recovery is unfavourable ; but 
Erb thinks that the prognosis ' as regards recover}- is at least 
more hopeful than iji the other forms of clironic myelitis.'^ 

Treatment. — Attention must be directed to the state of 
the general health ; the patient should spend as much o£ his 
time as possible out of doors ; all reflex irritation is to be 
avoided, and a minimum of active (walking) exercise allowed. 
The constant current should be perseveringly passed through 
the spinal cord ; but no benefit, in fact rather the reverse, 
is to be obtained by local electrical treatment of the affected 
muscles. The spasmodic rigidity is relieved by warm baths, 
but I doubt whether the ultimate result is beneficial, Erb 
speaks strongly in favour of a reasoriahly-conducted cold- 
water cure; gaseous thermal springs may also, he says, be 
used ; but simple thermal waters, unless most carefully man- 
aged, are objectionable. Where there is a distinct history 
of syphilis, a prolonged course of iodide of potassium and 
mercury should be tried. In other cases, nitrate of silver, 
ergot, and iodide of potassium should be persevered with; 
but the results hitherto obtained by drug treatment are not 
encouraging. In cases which resist the treatment indicated 
above, I should be disposed to apply the actual cautery as a 
counter-irritant. 

SECONDARY LATEJiAL SCLEROSJS. 

(SBCOHDAKY DEGENERATION OF THE CROSSED PYRAMIDAL 
TRACT IN THE LATERAL COLUMN). 

As I have previously explained (see § 16) secondary 
degeneration of the crossed pyramidal tract results from any 
lesion which separates ita component fibres from their trophic 
centres — the multipolar nerve cells of the cerebral cortex. 
The sclerosis of the crossed pyramidal tracts is attended 
with spastic symptoms, rigidity of the muscles, and increase 
of the reflexes ; and, when the condition is bilateral, spastic 
paraplegia will, of course, be present ; in cases which depend 
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upon a chronic lesion, and in wliich the onset is slow and 
gradual, the symptoms very closely resemble those ot 
primary lateral sclerosis. The points of distinction between 
the two conditions are shown in the following table : 

The differential diagnosis of primary lateral sclerosis, and of 

spastic paraplegia due to a chronic transverse lesion {chronie 

tratisoerse myelitis or slow compression, of the cord). 

The symptoms common to both conditions are (a) motor 

weakness in the lower extremities ; (6) rigidity and spasms ; 

and (c) increase of the deep reflexes. 
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LealOD of the Cord. 



CONDITIOK OF 


Motor neaknesB nod 


Molor weakness is the first 


MUBCLEB. 


rig[dity ire developed 


symptom. The rigidity 




togethpr. The rigi- 


follows the pHTiiplegia. In 




dity is uMiHlly more 
marked ibnnlliepar- 


llie earlier stages the par- 
alysis is more marked Uiaa 






aljaia. 


the rigidity. 




There a no musi-ular 


Tliere may be niuBt^ular atro- 




atronliy at the upper 
level of tbeparoljBie. 


phy m the upper level of 




tlie lesion. '^'^ 


OSSET. 


Ver; slow and gradual. 


Usually more rapid. 


Sbnsokt Frsc- 




More or le« or even «,m- 
pleio anesthesia. In caaa 
of elow oompreuion, aub- 

pains, etc.) dne to preuura 
on the posterior nerve roota, 
are present. 


The CosD^'lo^ 




The bladder and rectum are 


Bladder and 


Noimai. 


usually affected. 


Bectum. 






Trophic 


No trophic dieturb- 




CONDITTOK OP 


aneeaoflheelun, 


THE Skin. 







Secondary degeneration of the crossed pyramidal tract on 
one side may be due either to a cerebral or spinal lesion ; in 
both cases a condition of spastic hemiplegia may be present, 
but the differential diagnosis does not present much difficulty. 
Tlie chief points of distinction are given in the following 
table ; — 
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The indiscriuiinate lesions of the cord will be afterwarda 
described. 



Combined syatem lesion of the crossed pyramidal tracts t 
Ihe lateral colvmn, and of the anterior c 



AMYOTROPHIC LATERAL SCLEROSIS. 

Under the term sclerose laterals amyotrophique. Professor 
Charcot was the first to describe an affection of the apinal 
cord, the pathological substratum of wliich is a combined 
sclerosis of the pyramidal tracts, and of the anterior comua. 
The lesion is not, however, confined to the spinal cord, for it 
can be followed upwards through the medulla oblongata, and 
sometimes through the foot of the cerebral peduncle; the 
internal capsule is usually intact. On microscopical examina- 
tion the lesion of the anterior comua seems to be identical 
with that of progressive muscular atrophy. The nuclei of 
the facial, hypo-glossal, and spinal accessory nerves are 
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generally involved towards the termination of the case, 
llie cervical enlargement is the part of the cord which is first 
and most affected. 

The symptoms which characterise the condition are: — loss 
of motor power and muscular atrophy, together with rigidity 
and tension of the muscles. Since the morhid process com- 
mences in the cervicai enlargement, the muscles of the upper 
limbs are first attacked. Charcot describes three stages of 
the affection. 

In the jiTat, which usually lasts from four to twelve 
months, the symptoms are confined to tlie upper ex- 
tremities, and consist of motor weaknesa, which is soon 
followed by diffuse atrophy, and by rigidity and contracture*. 
Fibrillary twitchings can usually be observed in the affected 
muscles. As the result of the muscular tension and con- 
tractures, deformities are produced, and the Imud often be- 
comes fixed in the position shown in fig. 140. 

In the seeond stage the lower extremities are invaded, the 
muscles become rigid, the tendon reflexes are increased, and 
for a time the condition of the lower limbs is identical with 
that wliich results from primary sclerosis of the lateral 
columns, viz., spastic paraplegia, together with the absence of 
any marked sensory disturbances, and of any affection of the 
bladder or rectum. After a time the morbid process ex- 
tends to the auterior coniua of the lumbar enlargement, the 
muscles of the lower extremities atrophy ; the increase of the 
reflexes gradually diminishes, and the rigidity and spasms 
gradually decrease. During the second stage the atrophy in 
the upper extremities becomes greater. 

In the third stage all the symptoms are exaggerated ; the 
morbid process extends to the medulla oblongata; bulbar 
symptoms are developed, and death results. 

In exceptional eases the morbid process commences in 
the medulla oblongata and extends downwards ; occasionally 
the lower extremities are first affected, and the morbid pro- 
cess extends from below upwards. 

The disease, so far as is known, is invariably fatal. The 
duration varies in different cases, but death usually results 
in from one to three years. Tlie affection seems more com- 
mon in females than in males. It attacks persons between 
the ages of twenty and fifty. The causes of the condition 
are unknown. 
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Diagnosis. — The mode of development, character of the 
sjinptoms, and course at ouce distinguish the affection from 
all other diseases of the spinal cord. 

The only affectioiis with which it is at all likely to be 
confounded are progressive muscular atrophy, primary lateral 
sclerosis, and pachymeningitis cervicalls hypertrophica ; the 
points of differentia distinction between amyotropliic lateral 
sclerosis and these three affections are given in the table on 
p. 277. 

The prognosis is moat unfavourable; treaiTmnl has, up 
to the present time, been totally inadequate to check the 
progress of the affection. 



A. Primarfi system lesion of the postero-extcmal columns. 
— Locomotor ataxia. 

B. Secondary st/stem Imon of Ote postero-inieT^Tuil columns. 
— Secondary ascending d^neratiou. 

C. Indiscriminate lesions. 

LOCOMOTOR ATAXIA. 

Synonyms. — Progressive locomotor ataxia; tabes dorsalis ; 
sclerosis of the posterior columns. 

Locomotor ataxia is an extremely chronic spinal affection, 
which is characterised in its fully developed stage by difficulty 
iu walking, not from loss of motor power, but from inco- 
ordination of the muscles of the lower extremities. 

Etiology. — Tlie disease is much more frequent in 
males than in females, and occurs between the ages of 
twenty and fifty.' Friedreich and others have described 

> Of 149ciicucollecled by Eulenliurg, 128 were m&Ioa tud 21 fonules. Tlw 
■gFB It which the dieeiua occurred iu these cises nere u follown; — 
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a congenital variety, whicli is at least as common in girls 
as in boys. In the greater number of acquired (non-con- 
genital) cases, there 13 a history of syphilis ; but, aa I have 
previously remarked (see p. 78), it is extremely doubtful 
whether syphilis is the sole cause of the affection. Anything 
which exhausts or unduly excites the functional activity of 
the nerve tubes composing the postero-external columns, in 
I persons predisposed to the affection, will probably act as an 
exciting cause of the condition. Blows on the apine, and 
other traumatic injuries; exposure to cold and wet; sexual 
excesses ; and acute febrile attacks ; which iu some cases seem 
to be the starting point of the affection, are probably exciting 
causes. It is extremely doubtful whether any one of them 
could produce the disease in a perfectly healthy (non-predis- 
posed) individual. 

Pathology. — On naked eye examination the membranes 
are usually seen to be thickened and adherent over the pos- 
terior surface of the cord. The cord itself looks flattened in 
the antero-posterior direction, while the posterior columns 
and posterior nerve roots are evidently shrunken and atrophied. 
On section the posterior columns present a translucent grey 
appearance, and their consistency is increased. The lesion 
commences in the great majority of cases in the lower dorsal 
and lumbar regions, and the postero-extemal columns are the 
parts of the transverse section which are first affected. In- 
deed, as Pierret and Charcot have shown, the only necessary and 
essential lesion of locomotor ataxia is the sclerosis of the pos- 
tero-exiemal columns. As the morbid process advances, the 
whole of the posterior columns (the postero-intemal as well as 
the postero-extemal) in the lower dorsal and lumbar regions 
become invaded ; and according to Lockhart Clarke, the lesion 
usually involves the posterior comu. In the cervical r^on 
the lesion is usually limited to the postero-intemal columns, 
and presents the characteristic features of a secondary ascend- 
ing degeneration ; the tract of degeneration can generally be 
followed through the medulla oblongata. The cranial nerves, 
especially the optic, and its expansion in the eyeball (i.e., 
the optic disc), are apt to undergo the same grey atrophic 
change. Occasionally the postero-external columns in the 
cervical re^on are also affected,and the characteristic symptoms 
> (pains, inco-ordination, etc.) are then ob3er\'ed in the upper 
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extremities. Towards the end of the case the morbid process 
may extend to the region of the anterior horn, or to the lateral 
column. 

The morbid process is probably on extremely chronic 
inflammation, which, commencing in the ner\-e elements, leads 
to their slow destruction, and is attended with an increase of 
the neuroglial connective tissue. The microscopical characters 
of the lesion are more minutely described in page 49, to which 
the reader ia referred. 

Mode of Okset, Symptoms, and Course. — The disease is 
an extremely chronic one, lasting for ten, twenty, or even 
thirty years. The affection may be conveniently divided into 
three stages. 

First. The stage of invasion, which is usuaUy chumcter- 
ised by lightning pains, slight disturbances of sensibility in the 
lower extremities, temporary paralysis of some of the ocular 
muscles, abolition of the patellar tendon reflex, and sometimes 
o£ the reflex contraction of the pupil to light. This stage con- 
tinues for some months, occasionally it extends over several 
years, and quite exceptionally it lasts indefinitely, and the 
second stage is not reached. 

Second. Tiie stage of full developTnent. — The inco-ordina- 
tion and characteristic gait are now present; the lightning 
pains continue ; the disturbances of sensibility are greater. 

Third. The stage of complications, and of extension of th» 
morbid process. — Complications on the part of the lungs, 
bladder, kidneys, etc., may now be developed, and are oft«D 
the cause of death. During this stage the lesion may extend 
from the postero-extemal column to the region of the anterior 
comu,' or to the crossed pyramidal tract in the lateral column ; 
muscular atrophy and spastic paraplegia will then be ob- 
served. 

Such is a bare enumeration of the most prominent features 



■ I ua tasEonil}' looking for ui opportoDit; of obwrTiug « ow of loMmotor 
ilkxia ia whieh the leiion hu extendsd totlia talaral column. SncbacaWOOglit, 
T tbioli, tolhrov great ligbt u^iod the exact chiniotar of tfae putellur tendon rsBai. 
In tjpicid cues of locomolor iliuia the deep rcfleioa are abolished, bnt in lateral 
•derusle thejr are characlarUticall; Increased. The condition of the knee-jerk la 
a case of loooniDtor ilaxia wUch hu become complicated will; literal tclerosia 
it the point which I riib particnlirly to examine. 
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of the aETection. I will now conaider the individuaJ symptoms 
a liltle more Id detail. 

Sensory disturbances. — Sclerosis o! the postero-external 
column necessarily gives rise to some disturbance of sensi- 
bility. Lightning pains, hypenesthesta and anaesthesia of 
the skin, and retarded conduction of sensation, are the sensory 
derangements which are most frequently met with ; and since 
the lesion of the postero-external columns is usually con- 
fined to the dorsal and lumbar regions of the cord, these 
derangements of sensation are usually confined to the lower 
extremities or to tlie lower part of tlie trunk. When the 
postero-external columns in the cervical region are affected, 
the characteristic symptoms are observed in the upper ex- 
tremities. 

The lightning jxtiTis are usually the first symptoms to 
attract attention, and are often mistaken for rheumatism or 
neuralgia ; they occur in paroxysms, and may be extremely 
severe ; they are sharp and shooting in character, and of 
momentary duration ; some patients compare them to forked 
lightning, others say they resemble a powerful electric shock, 
or the effect which would be produced by running a knife into 
the flesh or into a joint. Unlike the shooting pains of ordinary 
neuralgia, they are not referred to the skin, but to the deeper 
structures, and they do not radiate in the superficial area of 
distribution of any individual nerve, as tlie pains of ordinary 
neuralgia do ; in the great majority of cases they are felt in 
the lower extremities or in the pelvic oi^ns (bladder and 
rectum). Where the postero-external column in the cervical 
region is implicated, the lightning pains are referred to the 
upper extremities or to the head. Occasionally they are ex- 
perienced in the region of the stomach, and are then usually 
associated with vomiting and symptoms of dyspepsia. (See 
gastric crises, page 231). They are almost invariably present in 
the first and second stages of the disease, and not unfrequently 
continue throughout its whole course. The lightning pains 
are sometimes so severe as to make the patient tire of life ; 
and coses have occurred in which ataxics, worn out by repeated 
attacks of lightning pains and despairing of relief, have com- 
mitted self-destruction. 

HypercBsthesia of the skin is observed in many cases ; like 

the lancinating pains it is paroxysmal and fugitive — here to- 

I day away to-morrow. The girdle sensation, which is, as we 
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have Been, the result of hypenEsthesia, is present in a coasider- 
able number of cases. 

Aiucslhesia. — Loss of tactile sensibility is a very common 
symptom. In the earlier stages of the affection it is partial 
or incomplete ; later it may be total Sensibility to pain 
and temperature is often also impaired. In consequ^ice 
of the incomplete amesthesia, various subjective altera- 
tions are experienced by the patient ; in many cases, for ex- 
ample, he feels as if he were standing on cotton wool, a bag 
of feathers, etc 

lUtardation of sensory ctrndudion, especially of the con- 
duction of painful impressions, is present in a considerable 
number of cases ; the prick of a pin, for example, is at once 
felt as a tactile impulse, but a considerable interval elapses 
before a sensation of pain is experienced. 

Derangements of the mofor nerve apparatus. — Since the 
lesion is in the groat majority of cases confined to the lower 
portions of the cord (the lumbar and lower dorsal i^ons) it 
follows that the motor derangements which constitute the 
most striking feature of the disease, are usually observed in 
the muscles of the lower extremities. The most prominent 
motor derangement is difficulty in walking. It is due to 
inco-ordination and not to loss of motor power ; it is neoes- 
saiy to emphasise this fact, and to call attention to tiie 
circumstance that the muscles are well developed during the 
second stage of the disease, for the difficulty in walking vaa 
formerly Uiought to be due to paralysis, and the disease 
was classed with many other affections under'the common 
term 'paraplegia' The difficulty in walking aud standing ia 
at first slight, and is only noticed in the dark or when tJie 
patient shuts Iiis eyes. In many cases the unsteadiness is 
first observed when the patient washes his face ; he finds tiiat 
when he shuts his eyes to protect them from the soap, he 
has difficulty in maintaining his equilibrium, and tends to 
stagger and fall. 

Should the patient come under observation at this stage oE 
the disease, the co-ordinating and balancing powers are to be 
tested in the manner described on pages 132 and 133. 

In the course of time the inco-ordination becomes greater, 
and the characteristic gait is developed. 

27k gait of loammtor ataxia. — The gait is very character- 
istic, though, as has been already mentioned, not absolutely 
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pathognomonic ; the patient walks with sticks ; he keeps hia 
eyes fixed on hia feet or on the ground in front of him ; the 
steps are taken at r^ular intervals, slowly and with delibera- 
tion, but the movements of the legs are irregular ; the feet 
are jerked outwards, the heels brought suddenly to the ground 
with a stamp. In uncomplicated cases he walks in a straight 
line. Xhere is no giddiness, the unsteadiness being, as 
Duchenne long ago pointed out, not due to the head but to 
the legs. 

The unsteadiness in walkijig and in gait is much aggra- 
vated by psychical causes; ataxic patients, knowing their 
unsteadiness, and dreading accidents, are extremely loth to 
move in the dark, to walk over a slippery pavement or in a 
crowded thoroughfare. The extreme unsteadiness which 
they manifest under such circumstances is partly due to 
timidity. 

When the lesion involves the postero-extemal columns 
in the cervical region, inco-ordination of the muscles of the 
upper extremities will of course be observed. 

In exceptional eases the lesion chiefly involves the mid- 
dorsal region, and the inco-ordination affects the muscles of the 
spine. (See page 83.) 

During the stage of full development the condition of 
the muscles is well preserved ; their electrical reactions are 
either normal or undei^ a simple decrease, in the earlier 
periods a simple increase is said to occur. In fully developed 
cases the muscular sense is impaired, and in some cases 
altogether abolished. 

The conditwi of the reflexes. — The patellar tendon 
reflex is generally abolished at an eai'ly stage of the 
affection.' 

The condition of the superficial Tcjlexes varies in different 
cases. In the majority, the plantar reflex is impaired at au 
early stage and finally abolished ; but it sometimes happens 
that a lively reflex can be obtained by tickling the sole when 

> In IboH) eiceptlonk] caaea Id wblch tho knee-jerk exiatB, the lemon U pri>- 
txblf wtaated aboTO tha Inuiliar enlugomant. Two cues of this descri|itlDa 
buTeconiBiiDdoriny owe aotlcej <iibotfa,the Inco-ordiniitioa involrctl themnscleB 
of tLe trimk more Iban the muBples of the lower ritremitlee, and wis ol the 
kiad wlilch 1 h>Te described in apeaklug of corcbro-apinDl ecliirosig. 
,<8w ]wge 83.) 
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the patellar tendon reflex 18 completely obliterated. (See 
fig- 141.) 




Fio. m. 

Diagnmaatic rrpreiaaaiiaa o/tht refill fmfCtion of Ike Sjxiad StgnoU. 

The lefl hall (wgmout ia normal. Tho right halt reproTOntfl Ibe oarly BUge of 
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inbihitory fibre. 

The arrows show ths coiirae of the reflex impulaa. 
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T!ie pupil reflex to light is abolished in a large proportioii 
of cases ; and it is important to remember that in these cases 
the contractility of the iris on efilbrta of accommodation for 
near objects, i.e. on convergence, la still retained. This con- 
dition was first described by Dr Argyll Kobertson, and is 
sometimes called the ' Argyll Eobertson phenomenon.' 

The abolition of the pnpil reflex ie, I think, probably due to a ledon 
in the neighbourhood of toe aqueduct of Sylvius, and ia independent 
of the cord lesion. The contraction of the iris, which is produced by 
a ray o( light falling upon the retina, is a reflex act;—"" 
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fibrea wliich cany the imprcEsion inwarda are tlie Gbr(?8 of the optic 
nerve ; — the centre ie probably aituated in the grey matter around the 
. aqueduct of SylviuH ;^the motor fibres which carry the impresBioa 
outwards are the fibres of the third nerve which supply the circular 
fibres of the iris. Now, in those cases in which the Argyll Robertson 
phenomenon is present, there mny be no affection of nsion. Hence 
the break in the reflex arc ia not situated in the retina ; nor in the optic 
nerve between the retina, and that point at which the fibres of the 
optic nerve carrying visual impressions to the cerebral cortei diverge 
from tboae which pass to the reflex centre for the pupil ; while the 
fact that the pupil responda to efforts of accommodation seems to 
show thatthe reflex centre, and the motor nerve, i.e., the third nerve, are 
healthy. (I am aware that some writers argue from this fact that there 
are two centrea for the iris, one connected with the reflex action to 
light, the other with the semi -voluntary action of the pupil on accom- 
modation for near objects). Hence I am of opinion that the break in 
the reHex arc is probably situated either in the corpora geniculata, or 
ftt a point between the corpora geniculata and the reflex centre in the 
grey matter of the aqueduct of Sylvius. 

Derangements of Ihe vesical and rectal mechanism are fre- 
quently met with in locomotor ataxia. In the earlier stages, 
symptoms of vesical irritation, aucli aa painful micturition, 
'precipitant' urination, stabbing pains in the neck of the 
bladder, etc, are the moat frequent ; in the fully developed 
periods, paresis of the detrusor, with consequent slow mic- 
turition and dribbling, or actual paralysis of the bladder may 
occur. In the tliird stage, cystitis is a common complication, 
and complete insensibility of the urethra is occasionally ob- 
served. 

ConsHpation occurs in the great majority of caaea ; in 
some, it is due to diminished or abolished reflex action ; in 
others, to paralysis of the gut. Stabbing pains and a pecu- 
liar, painful feeling of over-distention of the rectum are 
frequent during the first and second periods of the disease. 
Ansesthesia of the anus is occasionally associated with the 
anaesthesia of the urethra, to which I have just referred. 

The sexual reflex. — In the earlier stages increased sexual 
desire (satyriasis) is not uncommon ; it is usually combined 
with a condition of ' irritable weakness.' In fully developed 
cases the sexual appetite is usually very much impaired, or 
completely abolished, and in the later periods there may be 
absolute impotence. 

Th£ eye symptoms of locomotor ataxia. — Derangements of 
the visual apparatus are frequently met with ; the more im- 
portant are : — 
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1. Temporary paralysis of the levator palpebne auperioris, 
^ving rise to ptosis ; or, of one or other of the straight 
muscles of the eyeball, produciug diplopia and (sometimes) 
squint. These conditions are of common occurrence in the 
earlier periods of the case, and are of considerable diagnostic 
significance. 

2. Zoss of the pupil reflex to lighl. 

3. Mt/om — contraction of the pnpiL This condition occurs 
in a considerable number of cases ; in some the contraction is 
extreme, and the pupils are 'pin-pointed.' Moderate contrac- 
tion of the pupils is probably due to a destructive lesion of 
the sympathetic fibres in the cilio-spinal region of the cord ; 
but extreme contraction — a condition which is not uncommon 
in the later stages of the disease — can hardly be due to simple 
paralysis of the radiating fibres, especially when we re- 
member, that in many of these cases, the reflex contraction 
of the pupil to light is interfered with. Extreme contraction 
probably results from an irritation of that portion of the third 
nerve nucleus from which the fibres which supply the circular 
fibres of the iris proceed. 

4 Inequaliiy in the size of the tioo pupils. — This condition 
is sometimes met with; in some cases it results from de- 
rangement of innervation ; in others it is due to iritic adhe- 
sions, which have in all probability resulted from previous 
syphilis. 

5. Optic atrophy — dimness of vision — loss of the perception 
of colours. — Grey atrophy of the optic ner\-e occurs in a con- 
siderable number of cases. The perception of colours is 
interfered with ; green is first lost, then red, then yellow, and 
last of all blue. The visual field is diminished, and finally 
complete blindness may be estabhshed, Tlie characteristic 
atrophy of the discs can of course be seen with the ophthalmo- 
scope ; and it is important from a diagnostic point of view to 
remember that this symptom may occur at an early stage of 
the disease, indeed, in some cases it is the first symptom. 

Trophic alterations in the skin are occasionally, though nob 
very frequently, observed. Herpetic eruptions are the most 
common ; the vesicles occur in successive crops, and in some 
cases a distinct relationship can be traced between the crops 
of herpes, and attack of lightning pains. Towards the terminal 
period of the disease, bed-sores sometimes form, and tend to 
hasten the fatal termination. 
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Trophic alterations in the bones and joints.— 
Charcot was the first to direct attention to the peculiar disease 
of the bones and joints which occurs in a small proportion of 
cases of the disease. The condition seems to be more com- 
mon in women than in men ; the joint tissues become rapidly 
disorganised ; the heads of the bonea are absorbed ; and 
marked deformities may be produced. These alterations, 
which are well seen in figa, 142, 143, and 144 (copied 
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from Charcot), may give rise to marked external deformities 
(see fig. 145). A remarkable feature of the joint lesion is 
the fact, that it is attended by little or no pain, — a circum- 
stance which is probably due to tlie associated analgesia. 
The larger joints, such aa the knee, shoidder, and elbow, are 
most liable to be affected. The pathological alterations 
are very similar to those met with in chronic rheumatic 
arthritis ; but the two conditions differ in the facts ; (1.) that 
one is acute and the other very chronic; (2.J that in 
chronic rheumatic arthritis the smaller joints and the liip 
are most frequently affected, whereas in locomotor ataxia 
the knee and shoulder are most often involved ; and (3.) that. 
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in the joint affection of locomotor ataxia, there is usually 
a considerable amount of liquid cEFusion, and dislocations 
are very apt to occur; but in chronic rheumatic arthritis effu- 
sion is seldom seen, and dislocations are very rare. The 
affected bones become more friable, and are apt to fracture 
spontaneously, which condition, like the joint affection, is 
unattended by pain. The exact pathological cause of the joint 
lesion is not yet decided. Some authorities believe that it 
is due to an affection of the anterior comu of the spinal cord, 
— a view which seems to be contradicted by the facts, that 
there is no associated muscular atrophy, that the joint affection 
may be an early symptom, and that the anterior comua have 
been found healthy in some cases which have been examined 
post-mortem. Dr Buzzard thinks that it is probably due to a 
lesion of the medulla oblongata. 

Gastric crises. — Attacks of vomiting and gaatralgia occur 
in a small proportion of cases, and have been termed 'gastric 
crises.' They are more frequent in women than in men, and 
are, as Dr Buzzard has shown, apt to be associated with 
Charcot's joint lesion. 

The Tnenlal facuUiea are usually quite clear, but, as I have 
remarked in a previous chapter, tUa disease is not uncommon 
in patients suffering from general paralysis of the insane. 
Intercurrent febrile attacks occasionally occur, and repeated 
attacks of bronchitis are sometimes, though rarely, obaerved. 

The affection is very chronic; cases frequently last ten, 
fifteen, or twenty years ; periods of temporary improvement 
are not uncommon, but the termination is usually in death ; 
the fatal termination is generally due to some intercurrent 
pulmonary affection ; to cystitis and surgical kidney ; or the 
fatal issue is accelerated by the formation of a bed-sore. 

Diagnosis. — In the earlier stages, i.e., before the inco- 
ordination and characteristic gait are developed, the pains are 
often put down to rheumatism or neuralgia. The characters 
of the pains (see page 225) are, however, quite peculiar, and, 
to a well-informed observer, at once suggest a lesion of the 
posterior columns. When optic atrophy is an early symptom, 
its true character may in such cases be easily overlooked ; 
locomotor ataxia should always he suspected when dimness 
of vision and optic atrophy are established witlioutany obvious 
cause ; and the other early symptoms, especially lightning 





FiQ. Hi. 
f.iumtaneouijractura offAt/tmur, and lit joint kiwm of iMcrmtotor Ataxia. 
(AfUr Charcot). 
A aarmd femiu' ix roprosenteil od Iho left ol the figure, for tb* purposes ol 
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paina, abolished patellar tendon reflex, the Argyll Robertson 
phenomenon, and commencing inco-ordination should be care- 
fully enquired after. The stomach attacks (crises gastriq;ites) 
may also occur before the inco-ordination is developed, and 
I these cases the condition is often put down to simple 



When the saxmd stage is reached the diagnosis should 
present little difficulty. The facts, that the gross motor power 
is preserved, and that the difficulty in walking depends 
upon inco-ordination, at once distinguishes the cose from the 
paralytic affections with which it was at one time confounded. 
Disease of the cerebellum and cerebro-apinal sclerosis are the 
two affections which are most liable to be mistaken for loco- 
motor ataxia. 

The diferential diagnosis of locomotor ataxia and cerebellar 
disease. — In cases of cerebellar disease: — (1) The gait is 
different; the patient reels like a drunken man, and com- 
plains of feeling giddy; or, he walks with that form of gait 
which depends on weakness or inco-ordination of the lumbar 
muscles. 

2. Then there are the positive symptoms of cerebellar 
disease, such as vomiting, headache, double optic neuritis. 
Hemiplegia is present in some cases of cerebellar disease ; and 
tonic convulsive attacks, in which the muscles of the spine 
are chiefly affected, may occur. 

3. The characteristic symptoms of locomotor ataxia (light- 
ning pains, abolished knee-jerk, Argyll Eobertson pheno- 
menon, and sensory derangements) are wanting. 

The differential diagnosis of typical cases of cerebrospinal 
sclerosis and of locomotor ataxia presents no difficulty, and is 
made by attention to the following points : — 

1. The gait in the two cases is different. 

2. In locomotor ataxia the mental functions are usually 
quite clear ; there is no affection of speech ; vertigo and head- 
ache are imcommon. In cerebro-spinal sclerosis there is 
usually some dulling of the mental faculties; vertigo and 
headache are frequent ; and alteration in speech common. 

3. The rhythmical tremor on voluntary movement, which 
is such a characteristic feature of cerebro-spinal sclerosis, does 
not occur in locomotor ataxia. 
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4. The lightning pains are not present in cerebro-spinal 
sclerosis, unless the postero-extemal columna are invaded. 

6, The knee-jerk is (usually) exaggerated in cerebro- 
spinal sclerosis, though it may of course be abolished when 
the lesion involves the postero-extemal column in the lumbar 
region. 

6. The Argyll Robertson phenomenon does (?) not occur 
in cerebro-spinal sclerosis.^ 

But while there is no great difficulty in making a diag- 
nosis in typical cases, there are other cases in -which the dis- 
tinction is very difficult, or even impossible. In cases of 
locomotor ataxia, for instance, in which the lesion is chiefly 
situated In the dorsal region, and in which tlie lumbar en- 
largement escapes, the inco-ordination involves the spinal 
muscles rather than those of the lower extremities. The gait 
differs from the typical gait, which depends upon sclerosis of 
the postero-intemal columns in the lumbar r^on. Again, 
in those cases in which the lesion is confined to the dorsal 
region, the knee-jerk may be exaggerated. The diSerential 
diagnosis in such cases must be determined by the facts 
placed under 2, 3, 4, and 6 in the previous paragraph, tj>- 
gether with the history, general course, and development of 
the two aSections. Again, the lesion in the early stage of 
cerebro-spinal sclerosis might be limited to the postero- 
extemal columns in the lower dorsal and lumbar regions, and 
the symptoms be identical with those of locomotor ataxia ; 
the differential diagnosis could then only be made by atten- 
tion to the general features of the case, and by observing 
the future course of events. 

Pbognosis. — The great majority of cases of locomotor 
ataxia ultimately lead to death ; remissions in the severity of 

> The query In tliQ text abowa that & dooidGd opluion an thia polut cannot u jnt 
be giren. H. Vlncant, qDotcd b; Itobbi, atatas that in caGea ul corebro-Bpfnal 
sclerodis io irbicli there U mjosia. the pupil coatracts both to ligbt and to ettorim 
of aBComroodiittoD ; wbile U. Coiogt, also quoted by the same writer, eajt tluit in 
two coHB which ha siamiaei!, the pupil acted feebly to light, bat anergeticallj OD 
acDammodalioD (or ueir ubjscta. — La InriAlei Oculairet daiu let naladin de 

In * Tery typical cseo of the disease (cerebro-Bpinal BclcrDBia) wUch 1 have 
at present under obsorvation, there ia marked myoHla, but the reaction of the 
pugiil both to light lad accommodatioD is ener^tic 
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the symptoms are not uncommon ; complete intermissions 
occasioniilly occur; and in a small number of cases a cure 
is established. Cases with a atrong syphilitic history, which 
come under treatment in an early at^e, are probably some- 
times cured by anti-syphilitic treatment, but such a happy 
event is, I think, rarely to be expected. 

Treatment. — In the earlier stages of all cases a vigorous 
anti-eyphilitic treatment should be adopted ; ergot is strongly 
recommended by some authorities. Where these means fail, 
the galvanic treatment' should be commenced, and nitrate 
of silver (J to J a grain, three times a day), administered. 
The drug must be given tor some months, not continuously, 
but with occasional intermissions, so as to avoid the risk of 
' staining.* The actual cautery may also be applied on each 
side of the spinal column, at a point corresponding to the 
seat of the lesion ; some authorities speak very highly of this 
form of counter-irritation, others have not found it give 
relief. 

Baths are strongly recommended by some German ob- 
servers, and Rosenthal* speaks very highly of hydro- 
therapeutics. Exposure and over-fatigue of all kinds must 
be avoided. The general healtli is to be carefully at- 
tended to, in accordance with tlte general principles already 
laid down (see p. 166). Where there is a tendency to emacia- 
tion cod-liver oil is often highly beneficial. 

The lightning paitis are best relieved by subcutaneous 
injections of morphia; bromide of potassium in large doses, 
and the constant (galvanic) current, in some cases give relief, 
Althaus speaks highly of the salicylate of soda in twenty 
grain doses.* Stretching the sciatic or other large nerve 
trunk seems to relieve the pains, but it does not appear to 
produce any beneficial effect on the general course of the 
disease, and it is not altogether free from danger, A decided 
opinion, either for or i^inst this plan of treatment, is hardly, 
I think, as yet warranted by facta. 

The gastric aiiacks are probably best treated by morphia ; 
but bismuth, and saccharated pepsin, in doses of fifteen to 
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' For tlie nunner of applying tbc galraolc cnrrenl (laa p. 167). 

' Diinau iiflie Ntrvotu Syilem, p. 263. 

' BrUM Mtdical Journal, Nov. 9, ISTS, p. 687. 
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twenty grains with each meal, are strongly recommended by 
Hammond.^ 

The optic atrophy is uninfluenced by treatment ; strych- 
nine, which seems useful in some cases of optic atrophy 
arising from other causes, does not appear to produce any 
beneficial effect on the grey atrophy of locomotor ataxia, 
while it is hurtful rather than otherwise so far as the general 
condition is concerned. 

The derangements of the bladder and rectum, bed-sores 
and other complications, must be treated on general medical 
principles. 

1 Dueaset qfthe Nerwmt SyUem^ p. 63a. 
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INDISCRIMINATE LESIONS. 

{Acute. 
Chronic 
Landry's Paralysis. 
Disseminated Sclerosis. 
Intro-medullary Haemorrhage. 
IrUra^medullary Tmiwurs. 



InflaramatioQ of the spinal cord may be either acute or 
chronic; and it ia necessary to consider the two varieties 
separately. 

Acute Myeutis {Acute inflammation of the spinal cord.) 

Pathology and morbid anatomy.— \JtiAqj the term acuta 
myelitis are included all the indiscriminate lesions of the cord 
which are attended with fever, and which present the patho- 
Ic^cal features which I have described on page 52, and to 
which the reader is again referred.' 

The extent of cord which happens to be involved varies 
greatly in different cases, and seveml distinct varieties of the 
disease are accordingly described by systematic writers. The 
more important of these forms are : 

1. Acute general myelitis, in which a large extent of the 
cord is affected by the inflammatory process. 

2. Acute central mydilia, in which the central grey matter 
is chiefly affected. 

3. Acute transverse myelitis, in which the whole transverse 
section is affected, but in which the vertical extent of the 
lesion is smaU. The lumbar, dorsal, and cervical regions are 
all liable to be invaded in this manner. 

4. Acute unilateralmyeliiis.m vhich half, of one or more seg- 
ments in the lumbar, dorsal, or cervical regions, is implicated. 

5. Acute disseminated myelitis, in wMch numerous dis- 
tinct foci of inflammation are scattered throughout the cord 
This condition ia very generally syphilitic. 

■ Folio- myolitia Balerlor u^uls ii an uule iDflamiuation of tlie cord, but it ia 
■stem lemoa ; ind it is noL lliBrofore inclujed under aaite nii/rlilU, but Us been 
preTional]' conddsred. 
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6. Acute bulbar mi/eliiis, in which the medulla oblongata 
is implicated by the lesion. 

Ic addition to this division, which is based upon the 
position and extent of the inflammatoiy lesion, another classi- 
fication wliich is sometimes useful is the etiological ; it 
attempts to classify the inflammatory process in accordance 
with its cause. Thus we have an acute traumatic myelitis, an 
acute syphilitic myelitis, an acute idiopathic myelitis, and so on. 

Etiology. — In many cases the exact cause of the attack 
is obscure. The condition seems more common in youtli 
and early adult life than in children or old people.' 

Prtdiaposing caiises. — Anything which debilitates the sys- 
tem as a whole, and the cord in particular, seems to act aa a 
predisposing cause. Sexual excess, and excessive muscular 
exercise, probably act as predisposing causes ; though I have 
known excessive muscular exertion act aa an exciting cause, and 
reproduce a myelitis which had been recently recovered from. 

Exciting causes. — The chief exciting causes are : — exposure 
to cold and wet ; traumatic injuries, such as blows on the back, 
concussions of the spine ; extension of tlie inflammatory pro- 
cess from adjacent and distant parts, especially from the (a^'a- 
cent) membranes, or from the (distant) urinary organs ; acute 
inflammatory affections, such as tliphtheria, small-pox or 
typhoid;* syphilis;* excessive bodily exercise, though this is 
rare; and compression of the cord by diseased bones, tumoure, 
or thickened membranes. 

Symptoms. — The symptoms vary very much in different 
cases, the differences being readily accounted for by the 
different degrees of acuteness, and more especially by the 
extreme diflerences in the position and distribution of the 
lesion which are met with in different cases. 1 do not pro- 
pose to describe in detail each of these different types; pro- 
vided a good general grasp of the symptoms, whicb the 
inflammatory process produces, has been obtained, it will be 
easy to fill in the special features, which result from inflam- 

1 The syatera diaoua (/nSo-Mje/ilii aatmar aada) fa, M hu been tltnAj 
poln Lad oat, rer; muob more commnn la cliildren Ihan in adiilla; but thit bIToC- 
Uon liu been exprouly eiclndod (ram Ifae prosent BecUoD. 

" " le CBSOB Ibe laflunmstory proceu Is uanall; Bub-MDte. 
K cBooa (be mfclitii ii geacrall; sub-wnle or abrouii^ 



SYMPTOMS. 239 

mation of the different paits of the cord, by referring to the 
detailed description which has been already given of the 
aymptoma produced by lesions of the different physiological 
regions and tracts (see Chapter II.). 

In studying the symptoms of acute myelitic it ia essential 
to remember : 

(1) That the inflammatory process first produces irritation 
and subsequently destruction of the affected part, (2) That 
the stage of irritation is short, and that the symptoms, which 
result from destruction of tissue, are therefore rapidly de- 
veloped. (3) That as soon as the acute stage posses off, chronic 
changes are usually developed ; and (4) That in many cases 
{i.e., where the inflammatory process destroys the continuity 
of the pyramidal tracts), a secondary descending degeneration 
of the pyramidal tracts, below the lesion, is established. 

We may then conveniently divide the process into (1) a 
premonitory stage ; (2) a stage of irritation ; (3) a. stage of 
destruction ; and (4) a stage of cicatrisation and secondary 
degenerations. 

It is also important to remember, that in some cases the 
inflammatory process affects the membranes of the cord, and 
that symptoms of meningitis are present in addition to those 
which result from inflammation of the cord itself. 

Tke Premonitory Sta^e. — In some cases, premonitory symp- 
toms, chiefly consisting of derangements of sensation, such as 
a feeling of numbness, or tingling, or of slight pain in the 
limbs or back ; and of mild febrile disturbance and general 
malaise, are obser\'ed. In others, the attack commences with 
a chill, which is followed by rapid elevation of temperatura 
In others again, premonitory symptoms are entirely wanting, 
and the spinal symptoms appear at the commencement of the 
case ; occasionally the spinal symptoms (paralysis, anfesthesia, 
etc.) are developed so rapidly as to suggest an intra-medullary 
hiemorrhage.^ 

The Stage of Irritation. — The symptoms which characterise 
this stage are both sensory and motor. The sensoiy symp- 

> Tbe oDBet ID ■cute mjeiiUs is DDver uulOHfiUKDW, u It bmj bo in ui ftitr&- 
medullBtf lismorrbage. Again, in iutro- medullary basmuirbige ia not preceded 
by [bvlt na an acute niyeUtla may be. In distiuguiahlug the two couditjoiia 
(myelitiB uid Ittro-niedullu'y tuemorrlitgcj pnit-mortem, it ia Imporlunt to re- 
mambBT Ibat in maay cases o[ acute myeiilia, blocxl ia cxtravauitod at tbe Beat ol 
L the iuflumlnatiaii. 
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toms consist of painjkl sensatioTis, and sometimes hyperiBstkesia 
of the skin, to which the sensory nerves, entering the cord at 
the seat of the lesion, are distributed ; myalgic pains, and 
sometimes pain in the back} When the inflammatory process 
involves the postero-extemal column, shooting pains* in the 
sensitive areas of the root- fibres which are irritated, will 
probably be observed. In many cases the girdle sensation 
is an early symptom ; it may persist throughout the course of 
the disease, and is probably due to irritation of the posterior 
root-fibres at the junction of the healthy and diseased tissues. 
These irritative phenomena are usually, even from the first, 
associated with aymptoraa of sensory impairment (numbness, 
' pins and needles,' aniestheaia and analgesia). After a few 
hours the irritative phenomena subside, and tlie symptoms of 
sensory impairment become more prominent. 

Symptoms of seoBory irritation na; peraiat in the parta which Are 
BDpplied by HetkHory nerve fibres, which enter the cord at the uppet 
level of the legion. The girdte sensation which remains in many casea 
thronghoat the diaeaae, is probably due to this cause. 

The motor sympUyms which characterise the stage of irrita- 
tion are muscular timichings and tremors, and in some cases 
cramps and spastns. These symptoms are seldom prominent, 
and, as in the case of the sensory phenomena, they may be 
from the first accompanied by symptoms of impaired motor 
power. The twitchings, spasms, etc, are chiefly observed in 
the muscles supplied by motor nerves coming off from the 
cord at the level of and below the lesion. In some cases, 
particularly in those in which the lumbar region of the 
cord is implicated, the attack may be ushered in by bladder 
symptoms, such as increased frequency in micturition, spasm 
of the detrusor, or (more frequently) loss of expulsive power. 

The stage of Destruction. — The duration of the irritative 
stage is, as a rule, short, and in the course of a few hours 
symptoms due to destruction and impaired function become 
prominent ; the paresis rapidly increases, and a condition of 
complete paralysis may be quickly established; the symp- 
toms of sensory irritation subside, and complete anteathena 
and analgesia are developed. la other cases, the sensory 
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' impairment is only partial, and the symptoma are: — iu- 
ability to localise tactile impressions, retardation of sensory 
conduction, ' anceafJiesia dolorosa! and a peculiar condition 
described by Charcot, in which a touch on the akin of 
the affected part produces a diffuse sensation of vibra- 
tion and pain in the ■whole of tlie extremity. In a large 
proportion of cases the functions of the bladder and rectum 
are aeriously interfered with; constipation is present in 
almost all, and in some, aa I shall presently mention, 
paralysis of tlie sphincters occurs. Gangrenous inflammation 
(the acute bed-sore), see fig. 146, over the sacrum and troch- 
anters, or the heela, which is probably due to an irritative afl'ec- 
tion of the posterior horn of grey matt«r, sometimes develops 
towards the end of the first week ; when the lesion is uni- 
lateral, the acute bed-aore is developed on the side of the 
, on tlie opposite side to the cord lesion. 




<, iMck involvtd llu doTial rtg'um if Ihr cord 
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Cerebral symptoms are rare ;^ but the morbid process does 
occasionally extend to the nerve centres within the craiiifll 
cavity. In extremely rare cases optic neuritis has been 
observed- The amount of febrile disturbance varies greatly in 
different cases; in some, the temperature rapidly rises and 
attains a considerable height, 103° or 104° Fahr. ; the pulse 
may reach 120°, 130°, or even 160° in the minute; headache, 
loss of appetite, thirst, and the general feeling of malaise which 
accompanies all severe febrile attacks, are then present. In 
other cases— and they constitute the majority — the elevation 
of temperature is slight or wanting, and the general con- 
stitutional symptoms are not so prominent ; in some the 
fever continues, in others it subsides. When the acute bed- 
sore, and acute cystitis and pyelo-nephritis are established, 
a fluctuating temperature, hectic symptoms, or pyccmia, may 
be developed. 

The exact extent and distribution of the paralysis depend, 
of course, upon the position of the lesion in the cord, and the 
extent of the transverse section which is invaded. In cases, 
for example, in which the lesion is a total transverse one, all 
the parts supplied by motor nerves arising from the cord at 
and below the level of the lesion will be paralysed. 

The condition of the affected (paralysed) miisclett also de- 
pends upon the position and extent of the lesion. When tho 
inflammation involves the grey matt«r of the anterior comtta, 
the muscles, supplied by motor nerves arising from the affected 
part of the cord, undergo rapid atrophy, and present the 
' reaction of d^eneration,' Where the paralysis depends 
upon a lesion of the motor tract in the lateral column, rapid 
atrophy and the 'reaction of degeneration' do not occur. 
The paralysed muscles may, at first, he flaccid ; but after a 
time {i.e., when secondary descending degeneration is estjib- 
liahed) they become rigid. 

The condition of the reflexes varies in accordance with the 
poeition of the lesion. The essential facts to remember are : 

(1) That the reflex movements of any segment are not 
interfered with so long as the reflex arc, passing tlirough the 
segment is uninjured. 



Id Polio-mjelltiB Anterior Acuta, lu I Lsyo previomlj mentionod, the cu 
my be it ten dad with conTuliiotiB. 
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(2.) That lesions (in this case, myelitis) which involve 
the pyramidal tracts, arrest the cerebral control, give rise to 
Becoudary descending degeneration, and are attended with 
increase of the reflexes passing through inferior segments. 

The condition of the paralysed musclea and the state of 
the reflexes will be more easily understood by referring to the 
description which I have already given of total and unilateral 
transverse lesions (see also figs, 71 and 73). 

The condition of the bladder and rectum. — The exact nature 
of the vesical and rectal derangements depends upon the 
position of the lesion. Wlien the reflex centres are implicated, 
i.c., when the lesion ia situated in the lumbar region of the 
cord, paralysis of the sphincters will be present ; — the urine 
rapidly becomes aramoniacal, bloody, or purulent, and the 
trophic form of cystitis may be produced. When the centres 
for the bladder and rectum are not directly implicated, when, 
for example, the lesion involves the upper dorsal r^on, a. 
temporary paralysis of the detrusor may be present, but it 
usually passes off, and the vesical reflex is re-established. 
In these cases micturition may be performed unconsciously 
(see § 86), and the patient may be unable to restrain or 
influence the process by an effort of the wilL 

When the cervical region is affected, the upper as well as 
the lower limbs are paralysed ; priajnsm and hyper-pyrexia are 
often present. The action of the heart may be deranged ; in 
some cases the pulse is extremely rapid, in others irregularity, 
or painful sensations in the region of the heart, are observed. 

Lesions in the upper dorsal and cervical regions may be 
attended with serious derangement of the respiratory functions. 
Where, for example, the inflammatory process runs an acute 
ascending course, the different muscles concerned in respira- 
tion (viz., those of the abdomen, the intercostals, and the dia- 
pliragm) may be all in turn paralysed, intense dyspntra and 
death from asphyxia resulting. Paralysis of the alxlominal 
muscles causes difficulty in expiration, in coughing, and in ex- 
pectoration ; the bronchial tubes are apt to become obstructed, 
and a trivial bronchitis may prove fataL Paralysis of the 
intercostal muscles produces difficulty in inspiration, the 
patient breathes chiefly with the diaphragm, and the extra- 
ordinary muscles of respiration are called into play. When 
the diaphragm itself becomes paralysed, the extraordinary 
muscles of respiration are thrown into still more vigorous 
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acdoD, the dyspDCea becomes intense, and death from asphyxia 
quickly supeivenes. 

TcrmiMO/ion of tkt acuU At^ — ^Tbe acste stage not ttn- 
frequentlj tenninates in death ; the htal result mar be due 
to : — paralysis of the respiiatoiy mosclea^ cystitis and kidney 
complications, the acute bed-aore, pneniBODia, or other pul- 
monary aSecttoDs. 

In moat caaea, the acute stage ia tided otet, liie condicioa 
becomes chronic, and the stage m cicatrisation and secondary 
d^enerations is reached. I^e future course of events varies 
greatly in different cases. 

Id many, the constitutional symptoms subside, the general 
health is gradually re-established, and a chronic parapl^a 
remains, a considerable amount of motor power bemg slowly 
regained, and the sensory derangements being more or less 
completely recovered from ; finally, the patient is able to walk 
about with the aid of crutches or sticka In a few cases, the 
recovery is much more complete ; and occasionally, but very 
rarely, a perfect cure b established. As the process of 
cicatrisation and secondary descending degeneration advances, 
the paralysed muscles below the level of the lesion become rigid, 
their reflexes {especially the deep reflexes) are exaggerated, 
and the paraplegia assumes the spastic type In fact, acute 
and chronic myelitis are the usual causes of this condition. 

In other cases little or no improvement occurs. After the 
acute symptoms have subsided, tlie patient remains for some 
time in datu quo, and ultimately dies, exhausted by the dis- 
charge from extensive bed-sores, or from cystitis, or from 
complications on the part of the kidney or respiratory organs. 

Diagnosis and differentul diagnosis. — The conditions 
with which acute myelitis ia most likely to be confounded 
are, acute meningitis, simple luemorrhage into the substance 
of the cord or into the meninges, and hysterical paraplegia. 

The liifererUiai dioffnosis of myelitis and spiiud vieaiTigUis. 
— The distinction is sometimes impossible, for the two condi- 
tions are not unfrequently combined. Both affections are 
acute, both may be ushered in by fever, and both are attended 
by symptoms which are clearly spinal. The main points of 
difference are, that in myelitis the irritative symptoms are 
comparatively alight, of brief duration, and soon followed by 
panilytic symptoms of a marked character ; while in menin 
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gitis the irritative aymptoras are very prominent, the irritative 
Bt^e is long, and the paralytic symptoms are late in appearing 
and relatively slight The chief points of differential distinc- 
tion are given in the following table: — 

The differential diagnosis of myelitis and spinal memngiiit. 
Xenlngitla. 
Pun in the back, ini:'n''a.acd h; 
movemtnl, is ganuriJIy very 
murked. 



Sliooling pains find lijrperics- 
thcsia are seldom prominent. 
AiDeathesia qnicklf &p])enrs, 
and IB geoerall; nell marked. 

ParalyBiB BppearB enrly, and is 
much more prnmiuent tlian 
cramps ami spasm e. 



The BphinMers lire often par- 
alyed ; the nrinc >a often 
ammoniacal. 



Sliooting pains in Ihe limbs or 
trunk, itnd h3']>ereslbeaia are 
generally prominent features. 
Amenthesia oocurs later, and is 
relatively slight. 

Muscular cramps, spasms, and 
ri^dity of the limbs, and stiff- 
ness of the bach are more 
marked than motor paralysis, 
which is late in appearing. 

The sgihincters are not paralysed ; 



Trophic disturbances of the skin Trnphic dislnrbanoes of the skin 



Fever is sometimes considerable, Fever generally well marked, 
but may be absenL 

The differential diagnosis o/m.yditis and simple hwrnorrha^e 
iiUo the cord. — Here again a distinction is not always possible, 
for the two conditions are often present in the same case. The 
points in favour of a simple hsmorrhage are a very rapid (or 
immediate) onset, which is not preceded or accompanied by 
fever, and the fact that a high degree of paralysis is at once 
reached. In myelitis, on the other hand, the onset ia, as a rule, 
more gradual; there is often fever, the paralytic symptoms 
are gradually developed after a preliminary stage of irritation, 
the duration of which is usually brief; in some cases, the lesion 
pursues an ascending course, and the paralysis increases. 

The distinction from h/Km-orrhage into the sptTw/ mcmhranea 
would probably not be diflncult. In that rare condition the 
symptoms occur abruptly, and are indicative of meningitis and 
pressure upon the cord rather than of myelitis. 
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The differential diaffttosis of -paraplegia, the result of mye- 
litis, arid paraplegia due to functional (hysterical) causes, lias 
already b^n described. (See page 153), 

Prognosis. — ^Tbe prognosis is generally unfavourable; eome 
psitieiits die during the acute stage; in the great majority 
of whieli escape the initial dangers, some motor paiulyais 
remains, a perfect cure being extremely rare. The opinion 
as to the immediate result must be detennined by the special 
features of eacli individual case. High fever, paralysis of the 
sphincters, the acute form of cystitis, the acute bed-sore, para- 
lysis of the respiratory muscles, and extension of the morbid 
process to the medulla oblongata, are highly unfavourable 
indications. 

When the case has become chronic, the opinion as to 
the future course of the paralysis must be chiefly guided by; 
— ita extent aad severity, the effect of treatment, and the 
jiatliological character of the lesion. In many cases a fair 
degree of motor power is regained, and in some syphi- 
litic cases the recovery is complete. Spastic symptoms, which 
have developed slowly after myelitis, are usually, associated 
with secondary descendiug degeneration, and are seldom com- 
pletely recovered from, 

Trbatment. — The general plan of treatment which I 
have sketched out in speaking of polio-myehtis anterior acuta 
is to he adopted. When the case is seen quite at ita com- 
meacement an attempt may be made to cut short and allay 
the iuHammatory process by the apphcation of ice-bags to 
tlie spine, and by the internal administration of ergot and 
belladonna; these measures are sometimes attended with 
success, but in most cases the inflammatory process pursues 
its course, and the treatment must be chiefly directed to tiding 
tile patient over the acute stage, and to the prevention and 
treatment of bed-sores and bladder com plica tion& (See 
pa^es 169 and 170). The diet must be light and nutritioua ; 
the patieut's room should be kept cool and well ventilated, 
AfUir the acute stage has passed off, the galvanic treatment 
may lie commenced, iodide of potassium administered, and the 
usual treatment for a case of chronic myelitis adopted. In 
syphilitic cases the iodide of potassium and chloride of 
mercury should be given from the first 
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PAKALYSIS ASCENDENS ACITA. 

Sysonym. — Landry's paralysis. 

Under the name paralysis asccTidtns aeuia, Landry was the 
first to direct attention to a rare affection, the characteristic 
feature of wliich is, motor paralysis commencing in the muacleH 
of the lower extremities, and gradually extending to those 
of the upper extremities and trunk, and finally to those sup- 
plied by motor ner\'es arising from the medulla oblongata. 

Pathology and Morbid Anatomy. — The morbid anatomy 
of the affection is unknown; in all the cases whicJi have been 
hitherto examined, with the exception of one doubtful case, 
which is reported by Dr Eoas,' the spinal cord, medulla 
oblongata, brain, peripheral nerves, and muscles, seemed 
healthy. In consequence of these negative results, and also 
in consequence of the fact that changes have in some cases 
been found in the spleen and other glaudular organs, similar 
to the changes found in the infectious fevers, Landry and 
some other observers think tlie disease may be due to the 
introduction into the system of some toxic material. 

Etiology.^ — The conditions which predispose to and excite 
the disease are unknown. The affection ia more common in 
men than in women, and seems to occur almost exclusively 
between the ages of twenty and forty. In some cases, there 
is a history of exposure to cold and wet ; in otliers of 
syphilis ; in others again the disease follows an acute febrile 
ali'cctiou, such as typhoid, pneumonia, etc. 

Onset, Symptoms, and Cockse. — Premojiiiori/ symptoms 
consisting of slight febrile disturbance, symptoms of slight 
sensory or motor derangement, such as numbness, weakness, 
and lieaviness of the limbs, usually precede the onset of the 
paralysis. In other casea, the attack commences suddenly. 



1 Dr BiMB fonnd dlsliiiut pstbnlogical chsngei ia the central group ot cellii o[ 
the tDterior buru, but as he did nol nco the caso dnring Ufa. ' the diignodii,' be 
uys, < must perhaps bo regarded as Bumewhal ivublliil.'—tlutatei of l&i A'erroiu 
ajfllem, ToL ij. page 370. 
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lasdrt's paralysis. 



Tlie characteristic symptom ia muscular weakness, whicli 
quickly becomes complete paralysis. The muscles of the 
toes and feet are first affected ; then those of the 1^ and 
thigh ; the muscles of the hands, arms, and trunk, are next 
involved iu turn, and finally the muscles of respiration and of 
d^lutition are implicated, and the patient dies asphyxiated. 

The affected muscles do not become markedly atrophied, 
and do not present the 'reaction of degeneration.' Their 
reilexes are for a time retained, but soon become dimiiiished 
or abolished. 

The sensory disturbances are slight; the bladder and 
rectum are seldom affected ; trophic alterations in the skin do 
not occur, and there are no cerebral symptoms. In most 
cases fever is absent, and the general state of nutrition is 
well prese^^'ed; in others the temperature is elevated, and 
the usual constitutional disturbances which attend acuta 
febrile affections, such as q^uick pulse, thirst, emaciation, etc., 
are observed. 

The duration of the disease varies considerably in different 
cases, the average being from eight to twelve days. Some 
prove fatal in three or four days ; others in two or three 
weeks. The termination is usually fatal, but a few cases 
recover. 

DuoNOsis. — The facts, that there are no marked sensory 
derangements, no trophic alterations in the skin, and no dis- 
turbances of the bladder and rectum, at once distinguish the 
condition from the ordinary form of acute ascending myelitis ; 
while the absence of sensory disturbances, the ascending 
course of the disease, and the negative evidence afforded 
by post-moi-tem examinations, seem to show that the condition 
cannot be due to a neuritis of the common sensory motor 
nerve trunks. 

The disease is readily distinguishetl from jMUo-myetitis 
anterior acuta by the facts ; that the paralysis is progressive^ 
and that the paralysed muscles do not undergo rapid atrophy, 
and do not present tlie ' reaction of degeneration.' 

Landry's paralysis closely resembles, in some particulars, 
the subacute inflammation of tlie anterior cornual region 
which was described by Duchenne under the name of Par- 
alyaie g^niirale spinale antiirieure subaigue. The points of 
diiferential distinction are given on page 277. 
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The Prognosis is very unfavourable ; a rapid, ascending 
course, the early implication of the respiratory muscles, and 
the occurrence of bulbar sjrmptoms are very unfavourable 
indications ; it is hopeless in tliose cases in which the par- 
alysis rapicUy ascends, in which the respiratory muscles are 
implicated, and in which bulbar symptoms occur. 

Treatment. — ^The same treatment which has been recom- 
mended for acute inflammation of the anterior comual region 
(see page 180) is to be adopted. 

CHRONIC MYELITIS. 

• 

Under the term chronic myelitis, we may include all the 
indiscriminate lesions, which run a slow and tedious course, 
which are unattended with fever, and which present the micro- 
scopical characters described on page 63.^ 

PATHOLOGY AND MORBID ANATOMY. 

The extent and distribution of the lesion varies very much 
in different cases, and here, as in acute myelitis, several dis- 
tinct varieties may be described, the most important of which 
are: — 

1. Chronic transverse Myelitis, in which the whole trans- 
verso section, usually in the lumbar or dorsal region is aiTected. 

2. Chronic disseminated Myelitis, in which many separate 
foci of disease are scattered throughout the cord, and occupy 
very different positions in the transverse section at different 
levels. This form is very generally syphilitic. 

3. Chronic peripfural or annular Myelitis, in which tlie 
inflammatory process chiefly affects the surface of the cord. 
This form is usually secondary to meningitis, or to com- 
l)ression. 

4. Chro^iic focal Myelitis, in which a single patch of inflam- 
mation occupies a portion only of the transverse section. 



^ Looomotor aUxIa and primary lateral lolerosiB are ooualdered hj roauy 
autlioritloi to be ohronlo Inflammations; but they are lyttoro diaeaaei^ and h«ye 
therefore, been previously considered. Again, disseminated solerosis undoubt- 
edly presents many of the histological oharaoters of a ohronio myelitis but it is a 
oorebro-spinal affection of suoh a distinct type, that it will be considered separately 
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5, Chronic general Myditis, which is perhaps the lesion in 
some cases of clironic ascending paralysis. 

Or we may, as in the acute form, make an etiologicsl sub* 
division, and class the cases as clironic syphilitic myelitisi 
chronic compression myelitis, chronic traumalic myelitic 
chronic idiopathic myelitis, and so on. 

The affected part of the cord is generally firmer than 
natural ; the greater density being due to an increase of thq 
connective tissue elements ; in advanced cases the nerve ele- 
ments may be entirely replaced by the connective tissoQ 
growth. 

The microBcopical characters of the lesion in chronic mye- 
litis are described on page 53. 

Etiology. — The same causes which give rise to acute 
myelitis may also produce the chronic form of the disease^ 
and an acute attack nut unfrequently passes into the chronie 
condition. Hereditary predisposition Co nerve disease seema 
in some cases to be an important etiological factor; and 
syphilis is a frequent cause both of the focal and disseminated 
varieties. 

Mode of Onset, Symptoms, and Couhse. — The onset is in 
most cases extremely gradual. The first symptoms may con- 
sist of sensory derangements, such as numbness, ' pins and 
needles,' and occasionally, though rarely, of eccentric puns 
or h3^ra!sthesia ; in otlier cases motor symptoms, such as 
weakness in the lower extremities, difliculty in emptying 
the bladder, or obstinate constipation, are the most. marked' 
features at the commencement of the attack. 

The clinical picture presented by fully developed case* 
of chronic myelitis varies considerably in different caaea, iq 
accordance with the position and extent of the lesion. Ths 
most prominent symptoms are: — gradually increasing motoi 
weakness, which ultimately becomes complete paralysis ; loot 
of sensibility, wliich after a time may become complete] 
constipation; difficulty in emptying tlie bladder; and, in 
■some cases, paralysis of the sphincters. 

The paralysis is generally paraplegic in distribution ; !ik 
fact, most cases of chronic paraplegia depend upon chronio' 
myehtis, or acute myelitis wliich has become chronic. Tl» 
trophic condition of the paralysed muscles, the condition of 
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the reflexes, and indeed the character of all the symptoms, 
depend upon the exact position and extent of the Itsion ; in 
many casea rigidity of the muscles and increase of the deep 
reflexes are combined with the loss of motor power ; in fact, 
chronic myelitis is by far the most common cause of spastic 
paraplegia — a circumstance which must always be kept in 
view in the diagnosis of supposed caaes of primary lateral 
sclerosis. 

The general health is usually well preserved, and the 
other organs and systems are, as a rule, healthy. 

In the course of time the paralysis becomes complete, the 
patient is confined to bed ; sloughing of the skin, cystitis, and 
compUcations on the part of the kidney may develop, or the 
case may end by an intercurrent attack of pneumonia or 
phtliisis. 

In those cases in which the myelitis is due to compression, 
or in which the membranes become involved in the inflam- 
matory process, the clinical picture is still more complicatetl ; 
and symptoms characteristic of an extra-medullaty lesion (see 
IKtge 66) are present. 

Diagnosis. — In most casea the diagnosis of chronic myelitis 
is aynouymous with the diagnosis of chronic paraplegia. Tlie 
general plan of dii^nosis has been already described (see p. 149), 
and to that description the reader is again referred ; but it will 
perhaps be necessary to mention the chief conditions which 
may give rise to difBculty. They are as follows : — 

1. The various conditions with whicli functional parap- 
legia b associated, viz.. hysterical paraplegia (see p. 153); reflex 
paraplegia (see p. 157); alcoholic paraplegia and anujuic 
]>arapl^ia (see p. 158). 

2. Lesions of the cauda equina (see p. 158). 

3. Conditions which produce slow compression of the 
cord, such as disease of the bones or membranes ; in these 
cases myelitis is often present as a secondary complication, and 
an exact di^nosis is not always possible, but the presence of an 
extra-medullary lesion is usually indicated by the symptoms 
which result from pressure on the nerve roots and membranes 
(see p. 66). 

4. Simple softening. It is impossible, without post-morti?m 
evidence, to distinguish the two conditions (pamplcgia due to 
chronic myelitis, and paraplegia due to simple softening). 
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5. Primary lateral sclerosis. The differeniial dmgnosit of 
the two conditions — spastic parapleffia, due to chronic myelitis, 
attd primary lateral sclerosis — is shown in the table, p. 218. 

The exact anatomical dia/fnosis of transverse myelitia. — 
In cases of transverse myelitis we must determine the exact 
position and vertical extent of the lesion. The following are 
the steps in the enquiry : — 

First, Ascertain the exact distribution of the sensory and 
motor derangements, and by reference to paragraph and 
figures 99, 100, 101, and 102, determine the aeginenta of the 
cord with which the affected sensitive and muscular areas are 
connected. In this way the upper level of the lesion is readily 
determined. 

Second, Observe the reflex and trophic conditions of the 
muscular areas of the segments of the cord, beginning at the 
upper level of the lesion and proceeding downwards. The 
vertical extent of the lesion can in this manner be ascertained, 
OS will be readily understood by reference to figures 73 and 
74. (The reflexes passing through the aflected segments are 
abolished, while the reflexes passing through the segments 
which are situated below the lesion are exaggerated. The 
muscles supplied by anterior nerve-roots arising from afrect«d 
segments are markedly atrophied, but the nutrition of 
muscles supplied by motor nerves arising from segments 
below the lesion is not much interfered with. Then again, tlie 
presence of an aaUe bed-sore in any ' sensitive area * shows 
that the grey matter of the segment connected with that sen- 
sitive area, or the sensory nerve fibres proceeding to it, are 
implicated by an acute irritative lesion.) 

Prognosis, — Tlie most frequent termination is death, but 
the course is usually very protracted. Occasionally the morbid 
process is arrested, and the motor paralysis is to some ex- 
tent recovered from ; very exceptionally the cure is complete. 
In syphilitic myelitis the prognosis is more favourable ; most 
cases improve, and some completely recover, even after spastic 
symptoms have been prominent. 

Treatmkxt. — The general plan of treatment which is de- 
scribed on p. 166 is to be adopted. The most useful drugs are 
iodide of potassium and incrcary in sj-philitic cases ; ergot and 
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nitrate of silver where spastic symptoms are prominent ; 
arsenic, iron, quinine, strydminc^ aud phospltonis wiiere there 
is paraplegia with flacciility. Erb * speaks very favourably 
of a properly conducted ' water-cure,' and of electricity. 
Counter- irritation to the spine, especially the actual cautery, 
is in some cases beneficial 
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- Multiple sclerosis ; Disseminated multiple 
sclerosis ; Insular sclerosis ; Sclerose en plaques diss^mm^es. 

Cerebro- spinal sderosis is an extremely chronic affection, 
in which degenerated patches (nodules of interstitial myelitis 
and encephalitis) are scattered throughout the nerve centres 
(brain, pons, medulla oblongata, cerebellum, aud spinal cord) 
and are also found on the periplietal ner\-es (especially the 
cranial nerves and the spinal nerve-roots). 

Pathoixjgical Anatomy. — The reader is referred to the 
description wliich has been given of the pathological char- 
acters of the lesion, on pages 55 and 56. 



■ 1 mual nguo rautlon tbe roeder aguust usiag (his drug id tboBS cobss In wLIuli 
irritalivB pbononieDa (rg., Bptetic ajTnptonie) are jiroaeDL 

» ' On tliB otter hand,' says Erb, ' tbe rsaulla of > mlioaally conducted eiid- 
vBler em tie eicssdiugly f■^'our■bIe. Out ol tweatj-nina cusdb of wbjcli I bavs 
Dules, tbe rssolts of tbia treatmeat wers favoiuvbleiu twenty-one, negative in five, 
and uafavnanibla in three. Hera, too, of coarse, everyUiingdepeads on tbe manusT 
in wbicli tbe uolil water is used. I cannol insiat too much on tlie danger of forced 
curva, of all severe and strongly exciting procodures, sucb aa tlie cioployment of 
water at very lowtsn)perBtureB,donclieB, sharp alappinga, oto. These measures are 
as a rule, absolutely iajurioua io cues of myelitis) even wet packs of the entire 
body ba«e, to my surprise, generally proved iujnrioua. Simple rubbing with we 
cloths, foul-bstha and sponging the back, hip-ba(hB,half-batba with aSusions to 
the back, local compresses to the back, laft on till tboy become warm, etc, seem 
to be (be measures which are chiefly apphcable. The Ireatmeut ahuuld always 
be begun with moderate tsmperatures {iO-^b" O.— <S-7T° F.), and we should 
never go below IS-iO" C. (BOI-SSf F.). 1 believe also, that eintaaiTe prolonga- 
tion of tbe treatment is injurious. Many over-malDUB bydropatUsta are only 
loo often led, by tbeir great couBdence In the water core, to prolong tbe treatment 
to aa Pitsut tbal proves detrimental to the palieuts.' — Zfemuen'i C^rlnpirJia, vol. 
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EnoLOGT.— In many cases there is a history "of traa- 
matic injmy, such as a blow on the head or spine ; in aome 
the symptoms seem to develop after exposure to cold and 
vet ; occasionally the condition appears as a sequel to acute 
diseases ; pre^ancy also has heen stated to be a cause ; in a 
few cases there is a distinct hereditary tendency; but in most 
the exact conditions which excite the affection are obscure, 

Cerfbro-spinal scirrosis is essentially an aflection of early 
life, generally appearing between the ages of fifteen and thirty ; 
it seems equally common in both sexes ; Charcot, it is true, 
states thai women are more liable to be attacked than men, 
but his experience in this respect diffets from that of Erb and 
many others; of the six cases which have come under my own 
observation, five were males. 

Onset, Svmptoms, and CotiESK — The onset is, as a 
rule, extremely slow and gradual ; occasionally the qrmp- 
toms develop somewhat abruptly. In one of my own 
cases, for example, the affection commenced suddenly with 
deafness and 'noise in the head,' after exposure to a hot 
sun. 

As we might expect from the extremely irregular di»- 
tribution of the lesion, the symptoms are multifarious, in fact, 
as Charcot states, the aflection is polymorphous one.' Both 
cerebral and spinal symptoms are usually present ; but in 
some cases the lesion is, for a time at least, chiefiy limited to 
the intra-cranial nerve centres, and the 3)Tnptora8 are for the 
most part cerebral ; in others the spinal cord is chiefly or (?) 
exclusively involved, and spinal symptoms are most pro- 
minent In the following account I shall not Umit myself 
entirely to the spinal symptoms, but shall describe the com- 
mon (cerebro-spinal) variety of the disease. 

In many instances, the first symptoms are spinal, and con- 
sist of some derangement of the motor nerve apparatus, 
which is manifested externally in tlie form of motor im- 
pairment (paresis) or inco^ordination (ataxia). The loss of 
motor power very generally commences in one leg, and subse- 
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quently extends to the other, or to the anna. In other cases, 
the firat aymptoma are cerebral, such as headache, vertigo, 
deafnesa, or aorae psychical derangement. 

Tliese symptoms slowly increase, and a characteriatio 
symptom is soon developed, viz., a rhythmical, jerking tremor, 
which only occurs on voluntary effort, and which ceases when 
the parts are at perfect reat. In consequence of this jerking 
tremor, movements are rendered extremely unsteady, though 
their main direction is still preserved. The tremor may occur 
in any of the muscles, but it is generally more marked in 
aome parts than in others. Charcot supposes that it is due to 
irregular conduction through axis cylinders, which are lying 
naked in the midst of the sclerosed tissue, but other autho- 
rities think that it results from the presence of sclerotic 
nodules in some special parts of the brain (the pons, and the 
parts of the brain anterior to it). When the patient is 
quietly seated there may be nothing noticeable, or the only 
peculiarity which close observation can detect is a slight 
rhythmical jerking of the head. In well-marked cases any 
voluntary effort at once develops the characteristic tremor, and 
the more intense the effort the greater does the tremor become ; 
it may be exquisitely demonstrated by making the patient 
raise a glass of water to his lips ; the main direction of the 
movement is preserved, and the glass reaches the hps, but it 
is forcibly jerked against the teeth, and the contents are thrown 
over the patient's face and neck. Some patients attempt to 
' dodge ' the tremor {i.e., to reduce the amplitude of the jerk- 
ing movements of the head and arm) by throwing the head 
back and fixing it as it were between the shoulders, and by 
holding the arm and forearm finnly to the side, but even 
then their efforts are unsuccessful, and the water is spilt 

The jerking tremor in the muscles of the legs and trunk pro- 
duces marked unsteadiness in the gait. In the earUest periods 
of the case the unsteadiness may be extremely trifling, and 
the only alterations which can be detected in many cRse.s are 
a certain stiffness in the way in which the neck is carried, and 
a slight jerking of the head. When the disease ia more ad- 
vanced, the gait is extremely unsteady ; in some cases it re- 
sembles that of locomotor ataxia ; in others the inco-ordination 
chiefly affecta the muscles of the trunk, and the patient docs 
not walk deliberately in a straight line (as the subject of 
locomotor ataxia does) bnt is apt to shoot forcibly from aide 
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to side ; in other casea ^ain the feet seem to fling to the 
ground, and the spastic gait is conjoined with a rhytlmiical, 
shaking tremor of the whole body. A jerking movement of 
the eyeballs (nystagmus) occurs in many cases, and is a very 
characteristic symptom. 

The ali'ectefl muscles are of normal bulk, and their electrical 
reactions are healtliy. The reflexes are, as a rule, normal or 
exaggerated.' The bowels are generally constipated, but the 
functions of the bladder are seldom intj?rfered with, till a 
much later stage. The sensory functions are not much 
affected at tliis period of the case ; as a rule, subjective de- 
rangements of sensation, such as ' pins and needles,' numb- 
ness, etc., are experienced by the patient, but distinct 
objective anftsthesia cannot be demonstrated. The general 
state of nutrition is well preserved, and complications on the 
part of the other systems and organs are rarely present. 

The symptoms gradually increase; but periods of temporary 
improvement, or even complete remission, are not uncommon, 
and may lead an inexperienced observer to e.Tpect a favourable 
termination of the case. After the condition has become well 
established, the facial arpressum becomes vacant, stolid, and 
stupid-looking ; and a peculiar alteration in the voice is very 
generally observed, the speech is slow and drawling, every 
syllable being pronounced separately {seanniiig speech) ; the 
tone of voice, too, is singularly monotonous ; towards the 
end of the case it may be weak and whispering. The cerebral 
symptoms become more prominent, tlie headache and vertigo 
may continue ; the mental faculties are decidedly blunted ; in 
many cases the patient becomes irritable, and loses his aelf- 
control ; actual mental derangement is occosionally observed. 
Dimness of vision is very frequent ; in some cases it is only 
apparent, depending upon nyst^mus ; in othera, it is real, 
and is associated with white atrophy of the optic discs or 
alteration of the central parts of Uie \T8ual nerve apparatus. 
The pupils may be irregular, in some cases they are 'pin 
pointed,' but the Arg)'ll Robertson phenomenon (see p. 230) is 
probably rare. In a small proportion of cases, apoplecti- 
form attacks, characterised by complete insensibility, quick 
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pulse and elevation of temperature, occur ; the patient may 
die in the attack, but as a rule, the coma disappears in the 
course of a day or two, leaving behind it heniipl^a, which 
in ita turn is quickly recovered from. These symptoms, 
which characteriae theirs* stojg of the disease, slowly but 
steadily increase, and in the course of time (two to six years) 
the second stage is reached, 

Tlie patient can no longer stand or walk, but is con- 
lined to bed or to his chair. In some cases the paralysis 
is complete ; in many the legs are rigidly extended, the 
deep reflexes markedly increased, and the condition exactly 
resembles an advanced stage of spastic paraplegia. The tremor, 
too, is markedly intensified, and attempts at voluntary move- 
ment not only cause an increase of the rigidity and spasms, 
but may produce a violent clonic movement in the muscles, 
causing a forcible shaking of the whole bo<iy. The mental 
deterioration becomes much greater, the speech still more 
scanning, monotonous, and weak. The general state of nu- 
trition for a time continues good. 

In the course of a few years the third stage is reached. 
The general state of nutrition is now affected, and the 
patient becomes emaciated; the mental deterioration becomes 
greater; the paralysed muscles may become profoundly 
atrophied; bulbar symptoms, paralysis of the bladder, 
cystitis and bed-sores may develop. Ultimately he dies 
either from simple exhaustion, from pyccraia, from paralysis 
of the respiratory muscles, or from -sume intercurrent 
complication. 

The average duration of the whole case ia from eight to 
t«n years ; some cases linger on for fifteen or twenty years ; 
occasionally the course ia rapid, and death occurs witliin three 
years of the onset of the disease. 

Diagnosis. — In fully developed and typical cases the diag- 
nosis presents no difficulty ; the gradual onset, and slow 
progress of the symptoms with perhaps periods of improve- 
ment; the presence of both spinal and cerebral symptoms, 
esptcially the peculiar tremor, the marked character of the 
motor derangements, the comparative insignificance of the 
sensory disturbances, the vertigo, the alterations in speech, 
and in the mental condition, constitute a striking picture 
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which it ia impoaaible to mistake. But in the early stages 
and in those rare cases in whicli the symptoms are esclusively 
spinal or exclusively cerebral, it may be difficult or impos- 
sible to diagnose the condition. 

The affections which are most liable to be mistaken for 
cerebro-spinal sclerosis are : — cerebeiUir tumour, locomotor 
ataxia, and jKiralysis agitans. 

TIte differential diagnosis of cerebro-spinal sclerosis and 
cerebellar tumour, — In both conditions there may be head- 
ache, giddiness, and disordered gait from weakness or inco- 
ordination of the raUBcles of the trunk; and in those cases of 
cerebro-spinal sclerosis in which the charact«riatic tremor 
is absent or slightly marked, the diagnosis from cerebellar 
tumour is extremely difficult. The chief points of distinction 
are: — 

1. The coTidition of the optic discs. — Optic neuritis or 
optic atrophy is present in most cases of cerebellar tumour ; 
they are rare and only late symptoms in cerebro-spinal 
sclerosis. 

2. Vomiiinff.-— This is a preminent symptom of cerebellar 
tumour, but not of cerebro-spinal sclerosis. 

S. HeadaiJie. — This is usually much mora severe in cere- 
bellar tumour than in cerebro-spinal sclerosis. 

4. The presence of the characteristic tremor. — This is a very 
strong point in favour of cerebro-spinal sclerosis ; a similar 
tremor is occasionally seen in tumours of tlie cerebellum, and 
is, I beheve, due to interrupted conduction through the motor 
strands of the medulla oblongata which are pressed upon by 
the growth. 

5. Convulsive seizures. — In many cases of cerebellar tumours, 
tonic spasms chiefly affecting the muscles of the back, or epi- 
leptiform convulsions are observed; they are quite exceptional 
in cerebro-spinal sclerosis. 

6. The age of the ^n(i<:?i(.— Cerebro-spinal sclerosis is 
rare in children, and is most common between the ages of 
fifteen and thirty ; cerebellar tumour oft<?n occurs between 
the ages of twenty and thirty, but is very common in 
children, 

7. The course of the diseoAe. — Cerebellar tumours, as a rule, 
run a much more rapid and continuously progressive course 
than cases of cerebro-spinal sclerosis. 
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When the scanning speech, the monotony of the voice, 
the heavy stolid expression, and the volitional tremor have 
become prominent, the diagnosis of the two conditions no 
longer presents any difficulties. 

The differtntial diagnosis of cereiro- spinal sclerosis and 
locomotor ataxia. — In some cases of cerebro-spinal sclerosis, 
the lesion is chieily confined to the posterior columns of the 
cord, and many of the symptoms of locomotor ataxia, includ- 
ing the lightning pains and characteristic gait are present ; 
the diagnosis may then be difficult or impossibla But 
such a distribution of the lesion is rare, and the distinc- 
tion can generally be made by attention to the following 
points : — 

1. Age. — Locomotor ataxia ia seldom seen before thirty ; 
cerebro-spinal sclerosis is most frequently met witli, between 
twenty and thirty. 

2. Sex. — Locomotor ataxia ia much more frequent in males 
than in females ; cerebro-spinal sclerosis occurs with equal 
frequency in the two sexes. 

3. Tlte condition of the sensory ntrve apparatus. — Lightning 
pains, and ansatheaia, are prominent features in locomotor 
ataxia, but are seldom noticeable in cerebro-spinal sclerosis.' 

4. The presence of motor paralysis. — Paresis and paralysis 
do not occur until the terminal stage of locomotor ataxia, 
but are early symptoms in cerebro-spinal sclerosis. 

5. The characteristic volitional tremor. — This symptom is 
distinctive of cerebro-spinal sclerosis, for it does not occur 
in locomotor ataxia. 

6. The amdition of the reflexes. — The knee-jerk and the 
pupil reflex to light are absent in the great majority of cases 
of locomotor ataxia, but arc usually present in cerebro-spinal 
sclerosis. 

7. Nystagmus. — This symptom is common in cerebro- 
spinal sclerosis. 

8. The condition of the mtntal faculties and of speech.- — 
The mental condition and speech are not interfered with in 
locomotor ataxia, and in tliat condition, vertigo, which is 
almost always present in cerebro-spinal sclerosis, does not 
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The differential diagnosis of cerebro-irpinal sderosis, and 
paralysis agitans, in typical casea presents no difficulty, bat 
there are cases in which the two conditions seem combined. 
The points of distinction are : — 

1. The charade}- of the tremor. — (a) The tremor of cerebro- 
spinal sclerosis only occurs on voluntary movement, and 
ceases when the muscles are at rest ; the tremor of para- 
lysis ^tans occurs while the muscles are at rest, and is 
diminished or arrested by volitional efforts, (b) The tremor 
of paralysis agitans is a finer tremor than that of cerebro- 
spinal Bcleroais. (c) The tremor of paralysis agitans rarely, 
if ever, affects the bead; in carebro-spinal sclerosis the head is 
invariably involved. 

2. Age. — Paralysis ^tans is a disease of advanced age ; 
while cerebro-spinal sclerosis is a disease of youth. 

3. The associated symptoms. — In cerebro-spinal sclerosis 
other symptoms (cerebral and spinal) are present, and confirm 
the d' 



Prognosis. — The pn^nosia is extremely unfavourable, the 
condition sooner or later terminates fatally. 

Tkeatsient. — The treatment must be mainly directed to 
the relief of symptoms, for all remedies which have been 
administered, up to the present time, have failed to arrest 
the progress of the disease. Nitrate of silver, arsenic, iodide 
of potassium, the constant (galvanic) current and hydropathy 
should be tried in turn, even though the results are dis- 
couraging. 



INTRAMEDULLARY HMMORRHACE, AND 
INTRAMEDULLARY TUMOURS. 

These subjects will be more conveniently described in 
connection with extra- medullary hsemorrliage and ezbu- 
meduUaiy tumours (see pages 279 and 283). 
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TABULAR CLASSIFICATION OF EXTRA-MEDULLARY 



^i 



i Leptomsnin- f Acute. 
^ '"j Paekymtnin- ( Externa. 

^ ^■'"- 1 Interna, j g*""""^^"" 

I Hypertrophica. 

E^ra-medullary HeEvwrrkage. 

JSxira-medullary Tumours. 

SPINAL MENINGITIS. 

Inflammation of the spinal membranes may be either acwfe 
or chronic, general or local. In some cases the pia mater and 
arachnoid are chiefly affected ; in others the inflammatory 
process is for the most part limited to the dura. Inflamma- 
tion of the pia and arachnoid is technically teimed Iqito- 
meninffitis spinalis; inflammation of the dura is called 
pachymeningitis spiwilis; leptomeningitis spinalis may be 
either acute or clminic ; pachymeningitis spinalis is ahnost 
invariably chronic and locaL It will be necessary, therefore, 
to consider these varieties separately. 

LEPTOMENINGITIS SPINALIS. 

Inflammation of the pia and arachnoid is much more fre- 
quent than inflammation of the dura, and it is the condition 
which is usually meant by the term spinal meningitis. 

ACUTE LEPTOMENINGITIS SPINALIS. 

Acute inflammation of the pia and arachnoid is almost 
always general, and ia usually associated with a similar con- 
dition (inflammation) of the cerebral membranes ; while in 
many cases the periphery of the cord is affected by the inflam- 
matory process. The clinical picture is, therefore, in most 
cases a complicated one. 

Morbid Anatomy. — The inflammatory process commences 
with a sta//e of congestion and hypera;mia, which is seldom seen 
post-mortem, for the disease is rarely fatal until a later period. 
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During the first stage of the inflammatory process the 
vaaculnrity of the membranes is very much increased; the 
vessels are gorged with blood ; small extravasations of blood 
sometimes occur; the arachnoid looses ita normal, smooth 
appearance, and becomes velvety and swollen ; the spinal 
fluid is slightly turbid. 

The duration of this sti^ ia probably very short, 
and the second stage, that of exudation, is next developed. 
The pia mater and arachnoid are more swollen, and are covered 
with exudation matters, consisting of fibrinous lymph, leuco- 
cytes, or pus ; the spinal fluid is more turbid, and contains 
flakes of lymph and other exudation products ; in some cases 
it consists chiefly of pus. The exudation matters are gener- 
ally more abundant on the posterior surface of the cord, for 
the patient usually lies on his back, and the exudation 
products gravitate to the most dependent point. The peri- 
pheral layer of the cord, and the nerve roots, are very fre- 
quently implicated by the inflammatory process, — a fact which 
is not to be wondered at, when we remember that the pia is 
the nutritive membrane of the cord, and that from it numer- 
ous processes of connective tissue and blood-vessels pass into 
the interior of the organ. In tubercular cases miliary nodules 
can usually be seen in large numbers on tlie surface of the 
inflamed membranes, more particularly on the surface of the 
arachnoid. In severe cases death generally takes place during 
the second stage of the disease. 

Should the thiTd stage be reached, the exudation matters 
are absorbed, the inflammatory products tend to organise, and 
adhesions are formed between the opposed surfaces of the 
inflamed parts. 

Etiology. — Acute inflammation of the pia and arachnoid 
is much more common during childhood and youth than during 
the later period of life. Its most frequent cause is (probably) 
exposure to cold and wet ; in many cases it is tubercular ; and 
it not unfrequently results from extension to the membranes 
of the cord, of an inflammation which has commenced in the 
cerebral meninges. In some cases it is due to traumatic in- 
juries (blows on the spine, etc.) ; and in fact all the conditions 
which have previously been mentioned as causes of myelitis 
(see p. 338), may give rise to it. Violent cerchro-spinal men- 
ingitis sometimes results from the bursting of an abscess into 
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'■ the cavity of the cranium, or into the spinal canal ; and a very 
' acuU: form of the disease which is aeliium met with in tliis 
I country, is ptxjbably due to the introduction into the system 

of a ' particulate,' organic poison, and is termed epidemic 

eerebro-spinal meningitis. 

Onset, Symptoms, and Coursf^ — Premon.Uory symptoms, 
fluch as headache, irritability of temper, vomiting, slight 
febrile disturbance, etc., are sometimes observed, but in many 
cases the disease is suddenly ushered in by a rigor or con- 
vulsions. 

The pyrexia is, aa a rule, considerable, and the general 
aymptoras which are associated with rapid elevation of 
temperature, such aa quick pulse, heat of skin, thirst, etc., 
are present When the inflammatory process affects the 
membranes of the brain as well as those of the spinal cord, 
cerebral symptoms, consisting of headache, vomiting, intoler- 
ance of light and noise, contracted pupils, epileptiform con- 
vulsions, etc., are the prominent ayraptoms at the commence- 
ment of the case, and it may be some hours or days before 
the characteristic spinal symptoms are developed. 

The great featme of the spinal symptoms is, that they 
are indicative of an irritating rather than a destroying 
lesion. 

Pain in the hack, which is increased by the sliglitest move- 
ment of the patient, but not aggravated by percussion or 
pressure on the spine, and which depends upon irritation 
of the sensory nerve filaments in the pia and dura, is one of 
the most marked symptoms. 

Shooting pains and hjfperastfi-esia in the sensitive areas of 
the posterior nerve roots, together with spasms and rigiility of 
i/te muscles supplied by anterior nerve roots, which are irritated 
by the inflammatory process, are also highly characteristic 
In consequence of the muscular spasm the spine is stiff 
and rigid ; in some cases the head is drawn back so that 
the occiput is thrust, aa it were, between the shoulders ; in 
others, the spine is so strongly arched that a condition of 
apistliot«nos is produced ; in others again, the thighs are 
firmly flexed on the abdomen, and the legs on the thighs — 
a position which is, however, much more frequent in chronic 
than in acute cases. Temporary exacerbations of the spasms 
every now and again oc^ur, and the retraction of the head 
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and arching o! the spine are thereby aggravated. In conse- 
quence of the retraction of the head and neck, and the extreme 
tension of the anterior muscles of the neck (stemo-thyroid, 
aterno-hyoid, and thyro- hyoid), the larynx may be firmly 
pressed against the spinal column, and difficulty in breathing, 
attended by a marked stridor, and difficulty in swallowing, 
may be observed. 

In the earlier periods of the case there is no paralysis, but 
the patient instinctively lies as quiet as possible, for he kuows 
by painful experience that any effort ou hia part, or any ex- 
ternal irritation will be attended by pain and an increase in 
the spasms. 

During the irritative period, retention of urine is occa- 
sionally observed; in some cases it results from spasm of 
the sphincter ; in others it is due to paralysis of tlie de- 
trusor. The bowels are obatiuately constipated. 

As the case progresses, symptoms indicative of sensory 
and motor impairment are gradually established, and should 
the case continue sufficiently long, complete paralysis and 
anasthesia, paralysis of the sphincters, and bed-sores, may be 
developed. 

The reflex irritability is increased during the stage of 
irritation, but afterwards becomes diminished or abolished. 
When the inflammatory process affects the cervical region, 
severe dyspncea, the resiUt of spasm or paralysis of the respira- 
tory muscles, may be a prominent symptom. 

The fever is of an irregular type ; the temperature may 
reach 104° F., but is generally below that point. EmaciatioQ 
rapidly takes place, and in severe cases the patient is soon 
worn out by sleeplessness and the intensity of his sufferings. 

When the ioliamraation involves the cerebral meninges, 
the characteristic symptoms of cerebral meningitis are, of 
course, present. In those cases in which the morbid pro- 
cess is lunited to the membranes of the spinal cord, cerebral 
symptoms are wanting, and the mind may be quite cleax 
until the end. Where the inflammation of the membranes 
is complicated ivith inflammation of the cord, the paralytic 
symptoms are more prominent, and the other symptoma 
which characterise acute myelitis are present. 

The duration varies considerably in different cases ; in 
purulent meningitis, — the result of the bursting of ^n 
abscess into the brain or spinal canal, — and in severe cases of 
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epidemic variety o£ the disease, death i 
within two or three days, or even within a few hours from 
the commencement of the attack. In tubercular and trau- 
matic cases the progreaa is, as a rule, more tardy, and not un- 
frequently the condition becomes cbroQie, lu acute cases 
death may result from spasm or paralysis of the respiratory 
muscles ; or, it may be due to cerebral compUcations. In 
chronic cases the patient dies from gradual exhaustion, from 
bed-sores or cystitis, or from respiratory or other com- 
plications. 

Diagnosis. — An acute onset, fever, pain in the back, shoot- 
ing pains in the limbs, hyperesthesia, motor spasms, rigidity of 
the spinal eolumu, and tucreased reflex excitability, are char- 
acteristic of acute spinal meningitis. The only conditions 
which are likely to be mistaken for the affection are myelitis 
and tetanus. 

The differential diagnosis of spinal meningiiis aiid myelitis 
has already been considered, (See pi^e 245.) 

The points of differential distinction between acute spinal 
meningitis and tetanus are given in the following table : — 

Aoate SpiiuJ Hsnlngitis. Tetutoe. 

Caused Ollen indLstinot. Id traumatic ttitanui there U 

a liietoiy or presenre of a 
wuuiid. 

Debakoeubnts Faininthebaok.Bhootins 
or Seksibilht. pains in the limbs, bhiT 

n^penestliesia, arD pru- 

miuent Bjntptoins. 

paroxjsms, find aScctuig 
almost all the muedu uf 
the l<odf , arc characteristic. 
Trinnue ocean at tlie eota- 
mcDccment of the attack ; 

the rinu tarJoaiait 'a m 
marked feature. 
An eilrauritinAT; incresM 
uf the i^jtexes ooonn. 



The redeies a 
but uot to 
degree. 



Co2""™»,. 0''"F-M. 



Are not obterred. 



266 CHRONIC LEFTOMEKINGmS SPINALIS. 

Prognosis.— Acute spinal meningitis is ao extremely 
serious aflection, and in many eases it proves fatal In 
rheumatic and syphilitic cases the pn^nosis is more favour- 
able than in the other varieties of the disease. During 
the progress of the caae periods of amelioration are not 
uncommon, but aa a rule the improvement is only temporary. 
In those cases in wliich the inflammatory process is limited to 
the membranes of the cord, the prognosis is more favourable 
than in cases in which the cerebral membranes are also 
affected. Dyspntea, the result of spasm or paralysis of the 
respiratory muscles, is an extremely unfavourable symptom. 

Treatment. — In the earlier stages of the case, the anti- 
phlogistic treatment which haa been recommended for acute 
myelitis (see page 246) is to be adopted ; and the pain and 
spasm are to be allayed by morpliia, chloral, and bromide 
of potassium. Great attention must be paid to the feeding 
and nursing of the patient, and the condition of the bladder 
and rectum must be carefully attended to. 

In those cases in which the acute symptoms subside, 
and in which the chronic stage is reached, mild counter- 
irritants, such as iodine and small blisters, may be applied 
to the spinal column, and the iodide of potassium should 
be given internally. At this stage of the disease an im- 
portant part of the treatment consists in the prevention of 
bed-sores and other complications, and in the treatment of tiie 

Earalysis which is often present. The same means which 
ave been previously recoramended for the treatment of the 
paralysis in chronic myelitis are to be employed (see page 252); 
but it is important to remember that electricity should not be 
used until all signs of meningeal irritation have disappeared. 

CllKONlC LEPTOMENISGITIS SPINALIS. 

In some cases inflammation of the pia and arachnoid 
is clironic from the outset, but in others a chronic lepto- 
meningitis results from a previous acute attack. 

Etiology. — The same causes which produce acute lepto- 
meningitis spinalis may give rise to the chronic form of the 
disease ; hut exposure to cold and wet, traumatic injuries, 
syphilis, extra-medullary lesions, such as extra -medullary 
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tumours, and intra -medullary leaiona which extend to the 
surface of the cord and then implicate the membranee, are the 
moat common causes of the condition. 

Pathological Anatomy. — ^Where the condition has re- 
sulted from a previous acute attack, an extensive area of the 
membranes may be involved, but in the majority of cases the 
inflammatory process is limited in its distribution. The intense 
hyperemia, which characterises acute inflammation of the 
membranes, is not observed, but the blood-vessels are dilated 
and their walls thickened ; the spinal fluid is generally turbid 
and increased in quantity. The most characteristic post- 
mortem appearances consist in opacities and thickenings of 
the membranes, and in the presence of adhesions wliich bind 
together the opposed surfaces of the inflamed parts; the pia is 
thickened and firmly adherent to the cord ; the connective 
tissue septa passing into the cord are thickened, and in 
.many cases a peripheral myelitis or peripheral sclerosis of the 
spinal cord can be demonstrated; in some cases the cord 
lesions are still more extensive. The nerve roots may he 
compressed by the thickened membranes, and in some cases 
they are distinctly softened or atrophied. 

Onset, Symptoms, and Course. — The onset is extremely 
gradual, and unattended by fever; an exception of course 
occurs in those caaes in which an acute inflammation has 
become chronic Pain in the back, shooting pains and hyper- 
sesthesia in the sensitive areas of the posterior roots pass- 
ing through the affected portion of the membranes, are usually 
well-marked, but in consequence of the more limited distri- 
bution of the inflammation, these symptoms are more 
localised tlian in the acute form of the disease. Mus- 
cular spasms and rigidity are much less prominent than in 
the acute variety ; while motor weakness, which gradually 
increases and tiltimately may become complete paralysis, is 
usually an early symptom ; the paresis and muscular spasms 
are, like the sensory phenomena, generally limited in dis- 
tribution. In the earlier stages the muscular nutrition and 
reflex actinty are not much interfered with, but towards the 
later periods of the case the muscles wliich are suppUed by com- 
pressed and atrophied anterior nerve roots may be markedly 
wasted, while their reflexes are diminished or completely 
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abolished. The functions ot the bladder and rectum are not 
interfered with, except in those casea in wliich the nerves, 
arising from the lower end of the cord, are implicated by the 
lesion. 

The description, which has just been given of the 
symptoms of chronic meningitis, applies to the casea in which 
the inflammatory process is chietiy limited to the membranes; 
when, as so frequently happens, the cord itself is also affected, 
symptoms of chronic myelitis will also be present. 

Diagnosis. — Locomotor ataxia, chronic myelitis, and 
' spinal irritation,' are the conditions which are most likely to 
be mistaken for chronic spinal meningitis. 

T?ie di^erential diagnosis of chronic meningitis and loco- 
TootoT ataxia. — Some of the symptoms of locomotor ataxia are 
probably due to the chronic inflammation of the membranes, 
which is usually found over the posterior surface of the cord ; 
and in the earlier stages the affection (locomotor ataxia) may 
be confounded with chronic meningitis. In locomotor ataxia 
the meningitis is practically limited to the posterior surface 
of the cord, the anterior roots are not involved, and symptoms 
of motor irritation and paralysis are not obsen'od ; the light- 
ning pains are, as a rule, much more severe than in chronic 
myelitis, while eye-symptoms (see page 240) are usually pre- 
sent. When the characteristic inco-ordination is develc^wd, 
the diagnosis no longer presents any difficulty. 

The differential diagnosis of chronic vieningitis and chronic 
myelitis. — An uncomplicated case of chronic meningitis is 
distinguished from an uncomplicated case of chronic myelitis 
by attention to the same pointa which have been already 
referred to, in speaking of the differential diagnosis of acute 
meningitis and acute myelitis (see page 245). In some casea 
a sharp distinction is impossible, for the two conditions ore 
not unfrequently combined. 

The differential diagnosis of chronic meningiiis and ' spinal 
irrUation.' — In some cases the distinction is difficult ' Spinal 
irritation ' occurs chiefly in young women, and is very fre- 
quently accompanied by symptoms of liysteria ; its charac- 
teristic features are (a) pain in the back, usually between 




larac- J 
D the I 



DIFFERENTIAL DIAGKOSIS. 



269 



f 



Bcapulfe, but not unfrequently in the lower dorsal or lumbar 
regions ; (h) marked hyperfc^thcsia, the slightest touch on the 
skin producing loud complaints of pain and suffering; (c) shoot- 
ing pains in different parts of the body. Marked anaesthesia, 
motor weakness or even complete loss of motor power are 
sometimes present, but there is no evidence of organic disease 
in the cord or the affected muscles ; the disproportion be- 
tween the subjective and objective symptoms, and the fact 
that marked tiuctuations in the intensity of the symptoms 
occur, are liigbly characteristic features. The pointa of dif- 
ferential distinction between the two conditions are shown in 
the following table : — 



Tkt differential diagnosis of chronic meninijiiis t 
irritaiion. 
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Mode of Osslt. 



Chrosio Hsuiiigltli. 
Hflf occur b eitlier sex, 
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Bplnal Irtltatioii. 

Occuranlmoftciclaeivelf 
in yuung fomalea. 

Hn; be eradual, but 
uften sucluen, the oneel 
ia not Ibea HItendcd by 



Stiffness o?tbe Spise. Usnnllj prcBcnt, 

Chakacteb AMD Course The psius, BpasmB, etc., 
OF TBE STMrrOHS. nre localiBol : and do 

Dol vary much iu their 
distribution and iu- 
[ensilf. Sjniptoma 
indicative of organic 
diaeaeB, aach ta lo- 
cal muBColar atrophy, 
may be present. 



Very Mldom observfld, 
uud then only Acci- 
dental complicationa. 

The mental conditiiin 



L 



tlsunllr I 



:e normal. 



Marked fluctuations in 
the character and in- 
tensity of the iymp- 
toms occnr ; and there 
\i a Btriting contrast 
between iheeeverity of 
the aabjectiTB aymp- 
toms and tlie objective 
appearaneeB. There 
are no eigna of organic 
disease of the cord. 

Common; psychical al- 
terations, such as occur 
in byit^ia, are fre- 
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Prognosis. — The prognosis is ancertain ; in most cases 
the condition is tedious and difficult to cure ; the opinion 
must be chiefly guided by the cause of the attack, its severity, 
the presence or absence of organic changes in the spinal cord, 
and the general condition of the patient 

Teeatment. — The same measures which have been recom- 
mended for the treatment of tlie acute myelitis after the acute 
symptoms have subsided (see page 246), are to be adopted. 



PACHYMENINGITIS SPINALIS. 
Inflammation, commencing in and chiefly confined to the 
dura mater, is usually limited in distribution, and is very 
generally chronic. In some cases, the osseous surface of the 
membrane and the connective tissue network, which lies be- 
tween the dura and the bones of the vertebral canal, are chiefly 
involved ; in others the inner surface of the membrane is 
most affected ; the terms pachymeningitis externa and pachy- 
meningitis interna have been given to these two conditions 
respectively. 

PACHYMENINGITIS EXTERNA. 

Inflammation, commencing in the outer surface of the dura 
mater, and in the connective tissue which lies between the 
dura and the bones of the spinal column, is a secondary con- 
dition which results from disease of the vertebne or some 
other external source of irritation, such as an abscess or deep 
bed-sore. The inflammatory process, which is very generally 
chronic, and limited in distribution, extends to the inner 
surface of the dura, and in some cases invades the arachnoid 
and pia. The most characteristic pathological featiire is the 
extensive exudation ; tlie affected portion of the dura is 
enormously thickened ; the nerve roots passing through it, 
and the cord itself, are compressed by the exudation pro- 
ducts. Localised pain in the back is generally present, but 
the most characteristic symptoms are those which result 
from irritation and compression of the anterior and posterior 
ner\'e roots (hypenesthesia and muscular spasms, anaesthesia, 
paralysis, muscular atrophy, and absence of the reflexes in 
limited areas of the hotly); and from slow compression of the 
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cord (impairment of motion ami sensation below the level 
of tlie lesion),' together with the symptoms of the primary 
lesion (Pott's disease of the vertehrie, etc.). 

Diagnosis. — The condition has to be distinguished from 
other forms of meningitis, and from the other conditions which 
may cause slow compression of the cord ; in many cases the 
diagnosis resolves itself into the diagnosis of I'ott's disease of 
the vertebra, for that is by far the most frequent cause of the 
condition which we are now considering. 

Prognosis. — The prognosis depends upon the nature of 
the primary aBection, and upon the condition of the cord 
itself when the patient comes under observation. 

1 TkeatmENT. — The objects of treatment are: — 

1. To remove and cure the primary affection. Where 
there is Pott's disease of the vertebrae, the appropriate treat- 
ment for that condition must be adopted. 

2. To promote absorption of the inflammatory products, 
and to relieve the cord from the compression to wluch it is 
subjected. To carry out this indication, counter irritation by 
bhsters, iodine, or the actual cautery ; the intemid administra- 
tion of iodide of potassium ; and the application of a weak 
constant current to the spine at the seat of the lesion, are the 
chief means which we employ. Where the inflammation of 
the membranes is secondary to injuries or disease of the bones, 
and where there is any reason to suppose that the compression 
of the cord is due to displacement of the vertehrie, extension 
by moans of weights or Sawyer's jacket, should be had 
recourse to. 

3. To allay the chronic myehtis which follows the com- 
pression of the cord. To carry out this indication, the 
measures which have been recomraended for the treatment of 
chronic myelitis are to be adopted. (See page 252.) 



PACHYMENINGmS INTERNA H,EMORRHAGICA. 

Pathology and Etiology. — This condition is almost 
invariably associated with a similar affection of the cerebral 
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dura mater. In fatal cases, the internal surface of the mem- 
brane is seen to be covered by a thick layer of soft, exudation 
matters which are partly oi^anised, and in which numerous 
thin walled vessels are found ; the exudation which may be 
limited iu distribution, or scattered over an extensive suiface 
of the dura, is usually of a rusty red or brown colour, 
owing to the presence of extravosated blood ; fresh blood may 
be present in the meshes of the exudation, or on the surface of 
the cord ; and large cysts containing clots of blood in various 
stages of absorption, are not uncommon. The condition, like 
hematoma of the dura mater is usually seen in persons suffer- 
ing from general paralysis of the insane. Excess in alcohol 
is thought by some to produce it ; and a traumatic form has 
also been described. 

Symptoms. — The symptoms are usually complicated with 
those of hematoma of the cerebral dura. The spinal symp- 
toms are those of a chronic and ill-defined meningitis, such as 
pains in the back, some stiffness in the spine, sGght indica- 
tions of motor and sensory irritation, and of motor and sen- 
sory impairment. It is important to remember that sudden 
extravasation of blood from the thin walled vessels in the 
inflammatory exudation may occur; and that symptoms 
characteristic of meningeal htemorrhage may be developed 
in consequence. 

Diagnosis. — The condition should be suspected when 
symptoms of chronic meningitis are associated with the 
symptoms of cerebral hematoma; if, in addition, sudden 
exacerbations of the spinal sjnnptoms every now and again 
occur, a diagnosis of pachymeningitis interna hemorrhagica 
may he ventured upon. 

PACHYMENINGITIS DJTERNA HYPERTROPHIC A. 

This condition is a chronic inflammation of the inner 
surface of the dura ; the great characteristic of which is the 
enormous thickening and production of cicatricial fibrous 
tissue which take place. The affection has been described by 
Professor Charcot under the name oi pKhyTniningite cervicale 
hj/pertr<ypkique. The morbid process affects the cervical 
r^ion of the membranes, and usually extends in a ring 





f round the cord ; the pia and arachnoid become involved, as 
shown in figure 147 ; the nerve roots arising from the cord at 
I the aeat of the brain are first irritated and then destroyed ; 
I and the cord itself is subjected to slow compression. 




7ViiiMper« tectfon of tht egrmcal nilorjemeifi oj Ok ipinal eorrf jfi a com oJ 
H^perirophic Cervical PacAy-mniiiHjittf. (,4/itr Jaffivg. ) 

A, Hirportrdplilfld dura mater. B, Nerva roota tnTsriiiig' Iha thlcksaad 
menlageB. 0, Pin mstcr confounded with Ibu dura mater. £, Bsction of two 
GUiaU oewlj eicavaUil in the gray aubatauce. 



Charcot divides the affection into — (1) a stage of irrita- 
tion, which lasts for two or three months; (2) a stage of 
paralysis and atrophy. 

The symptoms of the first stage are due to irritation of 
the anterior and posterior nerve roots wliich pass through the 
affected portion of the membranes ; they consist of : — shoot- 
ing pains, severe in character, and referred to the sensitive 
areas of the affected roots (back of the neck, shoulders, 
arms, or upper part of the thorax) ; hyperesthesia ; muscular 
twitchings and spasms in the muscles supplied by the irritated 
anterior nerve roots (rigidity of the neck, upper parte of the 
spine, or muscles of the upper extremities); t<^ether with 
symptoms of slight sensory and motor impairment. Trophic 
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disturbances in tiie skin (herpelic eruptions, etc.) are alBo 
sometimes seen. 

These symptoms slowly increase, and the second dage is 
reached ; it is characterised by anjestheaia, paralysis, and 
atrophy in the sensitive and muscidar areas of the compressed 
nerve roots ; the Faradic excitability of the affected muscles 
is slowly abolished, and characteristic contractures and de- 
formities occur. 

When the lesion involves the nerve roots arising from 
the lower end of the cervical enlargement, the muscl(» 
supplied by the ulnar and median nerves are chiefly 
affected, and the hand assumes the position shown in fig. 
■148. 

Wlien the lesion is situated higher up, the muscles sup- 
plied by the musculo-spinal nerve are chiefly paralysed, aud 
tlie hand assumes the position shown in fig. 149 ; tins was the 
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condition in a caae quoted by Dr Ross,' wliicli was under the 
care of Dr Leech. 




Transverse myelitis at the seat of the compression, and 
secondary descending degeneration below Uie lesion, gradually 
develop, and a condition of spastic paraplegia, together with 
the sensory disturbances and other symptoms which have 
been described aa characteristic of a transverse myelitis (see 
p. 58). slowly supervenes. 

The duration of the ease is always long ; in some cases, 
the termination is in death, which may result from some 
intercurrent complication, or from cystitis, bed-sores, etc; in 
others the morbid process is arrested ; the paralysis and 
rigidity in the lower extremities may become less, but the 
contractures and deformities of the xipper limba, in the great 
majority of cases, remain. 

DUGNOSis. — The condition may at first sight be mistaken 
for amyotrophic lateral sclerosis or progressive muscular 
atrophy. 
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The differential diagnosis of pachymeningitis cervicalis 
hyj)ertrophica arid aviyolropMc lateral sclerosis. — The motor 
aymptoms (rigidity and atrophy in the upper extreniities) 
resemble very closely the motor symptoms which characterise 
amyotrophic lateral sclerosia, but the two affections are at 
once distinguiahed by the facta, (1) that in pachymeningitis 
cervicalis hypertrophica, sympt«ms of sensory irritation (severe 
pains and hypenesthesia) are prominent features in the firet 
stage, while they do not occur in amyotrophic lateral sclerosis ; 
(3) that in amyotropliic lateral sclerosis the muscles of the 
lower extremities, after being for a time rigid, undei^ 
atrophy, whereas in pachymeningitis cervicalis hypertrophica, 
atrophy in the muscles of the lower limbs does not occur ; 
(3) that the course of amyotrophic lateral sclerosis is much 
more acute, and that the termination is invariably in death, 
the fatal result being very generally due to extension of the 
lesion to the medulla ; wliereas in pachymeningitis cervicalis 
hypertrophica the progress is always slow, an incomplete 
recovery is not uncommon, and the morbid process rarely, if 
ever, invades the medulla oblongata. (See also table, p. 277.) 

The differential diagiwsis of pachfmeningitis cervicalis 
hypertrophica arid progressive muscular atrophy. — In the second 
stage, the condition may, at first sight, be mistaken for pro- 
gressive muscular atrophy ; but it is at once distinguished ; 
(1) by the pronounced sensory disturbances; (2) by the fact 
that the atrophy was preceded by a sbige of rigidity and 
tension ; and (3) by the spastic paraplegia of the lower 
extremities. 

The well-marked symptoms of sensory and motor irritation 
in the sensitive and muscular areas of certain nerve roota, 
together with the symptoms and signs of transverse myelitis, 
show most conclusively, that the lesion is extra-medullary. 

It is not always easy to make the next step in the 
diagnosis, i.e., to determine the pathological character of the 
lesion, for it may be difficult or impossible to deciile whether 
the symptoms are due to — (a) Pott's disease of the vertebroe 
and associated pachymeningitis externa ; (i) extra-medullary 
tumours arising from the bones or membranes ; or (c) pachy- 
meningitis cervicalis hypertrophica. In attempting to decide 
this (juestiou, attention must be directed to the following 
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pointe: — 1. The condition of the spinal column, 2. The 
age o£ the patient. 3. The condition of the temperature. 
4. The presence of lesions in other organs, indicative of 
scrofula, cancer, etc. 

The points of differential distinction are givea in the fol- 
lowing table : — 
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Treatment, — The same treatment, which has been recom- 
mended for pftchymeningitis externa (see p. 271), particularly 
counter-irritation at tlie seat of the lesion, and the internal 
administration of iodide of potassium, is to be adopted. 

INTRA- AND EXTRA-MEDULLARY HEMORRHAGE. 

Blood is occasionally, tboiigli very rarely, extravaaated into 
tlie substance of tlie cord, or into the spinal membranes ; the 
former condition may be tenued itUra-vmhUlari/, the latter 
extra-medullary hEemorrhage. 



INTRA-MEDULLARY HMMORRHAGE. 

Synonym. — spinal apoplexy. 

Pathology and Etiology. — The great causes of intra- 
medullary hEemorrhage are (1) alterations in the vascular 
walls, which weaken their resistence and ('2) increased blood 
pressure. In some cases the haemorrhage occurs independ- 
ently of any previous cord lesion ; but in many the extra- 
vasation is, as it were, an accidental complication occurring in 
the courae of some other morbid condition. Extravasations of 
the latter description are not uncommon in acute myelitis 
(li hemorrhagic myelitis), and blood is occasionally poured out 
from the thin walled and dilated vessels of a soft ghoma. 
Hiemorrhage into the substance of the cord is probably some- 
times due to traumatic violence, such as a direct blow on the 
spine, or a fall on the feet. The condition may occur at any 
period of life, but is most frequent between the ages of ten 
and twenty. In this respect spinal apoplexy differs very 
markedly from cerebral ha'morrhage, which is much more 
frequent in old people ; the earlier occurrence of spinal 
apoplexy is probably explained by the fact, that in many cases 
the bleeding is not the primary condition, but is an acci- 
dental event occurring in the course of some other morbid 
process. The amount of blood which is extravasated is 
nsually small, the clot seldom being larger than an almond ; 
and tlie bleeding is almost always confined to the central 
grey matter. The blood ploughs up and destroys tlie nerve 
structures, and the function of the afTected part is immedi- 
ately interrupted \ should the patient survive for a sufhcieutly 
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long period, inflammatory changes occur in the neighbourhood 
of the clot, and secondary degenerations are established. 

Onset. Symptoms, and Course. — In some cases, the extra- 
vasation takes place rapidly, and the patient is struck down 
with immediate paralysis of a paraplegic type ; severe pains in 
the back may be experienced at the time of onset, but there 
is no loss of consciousness. In other cases, the blood is poured 
out gradually, and it may be some hours before the paralysis 
becomes fully developed. The motor, sensory, reflex, vesical, 
rectal, and other derangements are identical vrith those which 
result from an acute transverse myelitis, in fact a large 
haemorrhage into the substance of the cord is a typical esample 
of an acute, total, transverse lesion. (See § 37, fig- 71). 

Diagnosis. — Hteraorrhi^e into the substance of the cord is 
readily distinguished from cerebral hremorrhage by the fact that 
there is no disturbance of the cerebral functions, and by the 
paraplegic distribution of the paralysis. The only conditions 
with which it is at all likely to be confounded are polio-myelitis 
anterior acuta, acute myelitis, and extra-medullary htemorrh^a 

Tfie differential diagnosis of intra-meduHary hmiiwrrhage, 
arid polio-myelitis anterior acuta presents no difficulty ; tlie 
pointe of distinction are given in the following table : — 
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set; ODfBstheBia wbich 
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The differential diagnosis of intra-mfdullary Juxmorrhage 
\ and acute myelitia haa already been cousidered (see page 
' 245). 

The differ&ntial diagnosis of intra- and extra-medullan/ 
hamorrhaije should not present any great difficulty. The 
importaot fact to remember in distinguishing the two con- 
ditions is, that in intra-meduUary hEemoirhage, as in acute 
myelitis, symptoms of motor and sensory impairment pre- 
dominate ; whereas in extra-medvllaTy haemorrhage, as in acute 
meningitis, symptoms of motor and sensory irritation, are 
relatively much more marked. The chief points of distinction 
between intra- and extra-medullary hjemorrhage are given in 
the following table : — 



Intn-mednllBTj Enmonliftge. 

Fain in tbe back maj occur at the od- 
u[. but soon disHppears ; Bhooting 
pnitiB in tliv limbs and hTpersetJiceia 
ore nut (iTDininvnt, or do not occur. 

HnEcular crampi and spasma ma; oc 
cur at ibc very comnivDcement. 
Profound paralysis and amestheaia 
are very rapidly developd. 

Farnlreis of the Hphinclcri, ammuni- 
acal urine, andcfstitia; or obstinate 
and couscipation are verj 



Extn-tnediiUar; Hstnonhage. 
Fains in tbe back, shoot! ng-paios in 
the limbe, and bjperesthesia are 
slrunglf marked, and generall; <xia- 
tinue for some time. 

M uecular cramps, cpatms, and rigidity 
are very prominent featnree ; pam- 
lysisand anEcsthesiaare seldom very 
marked, and appear laic. 

The functions of the hlndder and rec- 
tum are not seriouely interfcrEd 
with ; ammoniacal urine does nut 
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The affectioi. ia veir eeriuosj it often The affection Ib mnch leu serious; it 
provcsfata]; and recovery is always ia often recovered from; tbe cure 
incomplete. may be complete. 



Prognosis. — The prognosis depends upon the size and 
position of the clot ; other things being equal, a large clot is 
much more serious than a small one ; a hjemorrhage into the 
upper cervical region is rapidly fatal owing to the respiratory 
paralysis which it produces ; a hffiraorrhage into the lum- 
bar region, which causes paralysis of the sphincters, ia more 
serious than a hiemorrhage into the dorsal regi 
in which large bed-sores are quickly developed invariably 
prove fatal 
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Tbeatkent. — In the earlier stages we must endeavour to 
arrest the bleeding in the manner described on page 165, 
The subsequent treatment of the case is the same as the 
treatment of acute myelitis (see page 246). 



EXTRA-MEDULLARY HMMORRHACE. 
Synonym. — spinal mexisgeal h^morkhage. 

Pathology and Etiology.— Effusion of blood into the 
spinal membranes is, like intra-medullary hiemoiThage, ex- 
tremely rare. The couditioua which give rise to it are : — 
(a) traumatic injuries, such as blows on the spine or violent 
concussions ; (6) pachymeningitis hajmorrhagica ; (e) the rup- 
ture of aneurisms of the thoracic or abdominal aorta into 
tlie spinal canal ; (rf) purpura, scurvy, and other conditions in 
which a strong tendency to hfemorrhage exists ; and finally, 
blood, which has been poured out into the craniaj cavity, may 
find its way into the spinal canaL 

In some cases the blood is poured out between the dura and 
the bones of the vertebral canal ; in others between the dura 
and the arachnoid. The amount of blood varies considerably 
in different cases ; it is sometimes sufficiently copious to en- 
sheath the whole cord or dura ; the blood may be partly fluid, 
but is generally clotted and dark coloured. 

Onset, Symptoms, and Course. — The extravasation may 
occur with instantaneous rapidity, and the symptoms are then 
suddenly developed; in some eases the effusion is more gradual. 
The initial symptoms are characteristic, and are those which 
attend any severe meningeal irritation, viz., pain in the back, 
shooting-pains in the limbs or trunk, muscular cramps, twitch- 
ings, spasms, and rigidity. Symptoms of motor and sensory 
impairment are present, but the paralysis and antesthesia are 
seldom great. The st^e of reaction may be attended with 
some febrile disturbance. 



Prognosis. — The Prognosis is much more favourable than 
in the intra- meilullary variety ; in many cases the symptoms 
gradually abate, and the patient may eventually get quite 
well. A large hismorrhage into the upper part of the spinal 
canal may prove immediately fatal. Wliere the hiemorrhage 




is sufficiently copious to compress the cord, myelitis may be 
developed, and death may reault from exhaustion, hed-sorea, 
or cystitis. 

Diagnosis. — The dif^osis of a well-marked case should 
present no difficulty. The characteristic features are tlie 
sudden occurrence of symptoms of meningeal irritation and 
the absence of fever at the commeDcement of the attack, 

A spinal meningeal htemorrhage is at once distinguished 
from an intra-cranuU hamiyrrhage by the fact that the symp- 
toms are entirely spinal. 

Acute Tnewingitia resembles meningeal hiemorrhage, in- 
asmuch as symptoms of spinal irritation are rapidly developed 
in both conditions ; the distinctive points are ; {a) that in 
meningeal hamorrhage the onset may be instantaneous, and 
is usually much more rapid than in acute meningitis ; and 
(5) that meningeal haemorrhage is not ushered in by fever. 

The points of differential importance between meningeal 
hjemorrhage and kamorrhage into the substance of the cord, 
have already been considered. (See page 281.) 

Theatmest, — In the earlier stages the treatment recom- 
mended for the arrest of an intra-medullary hremorrhage (see 
page 165) is to be adopted. Subsequently the case is to 
be treated as a case of acute meningitis, (See page 266). 
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DJTRA- AND EXTRA-MEDULLARY TUMOURS. 

New formations rarely original* in the cord itself, but they 
not unfrequently spring from the bones and memliranes, 

INTEA-MEDULLAItV TDMOUHS. 

MoKBiD Anatomy. — GUomata, tubercular nodules, glio- 
Barcomata, and syphilitic gummata have been found in the 
substance of the cord ; they are usually of small size, but 
' elongated tumours which have stretched, in various degrees 
of thickness, throughout the whole cord, from the conus 
meduUaris to the medulla oblongata ' have been met with. — 
(Erb.) 

Intra-medullary tumours are usually solitary. They may 
invade any part of the transverse section, and may originate 
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either in the wliite or in the grey matter. The gliomatoua 
tumour is said to occut moat frequently in the cervical, while 
the tubercular tumour ig more apt to invade the lumbar 
enlaigement. — (Hayem.) 

Etiology. — A blow on the spine or other injury seems 
occasionally to be the exciting cause, but in most cases the 
etiology ia obscure. 

Onset, Symitoms and Course. — In some cases the symp- 
toms develop very gradually, in others paraplegia is somewhat 
suddenly produced. These differences in the mode of onset 
depend upon the rapidity of growth of the tumour and the 
effects it produces upon the nervous structures. A tumour 
wliich is growing slowly may for a time simply displace the 
nerve elements, and cause atrophy of the parts in its im- 
mediate neighbourhood ; in such cases the condition is either 
latent, or the symptoms are ill-defined, and consist of slight 
and localised derangements of motion or sensation, localised 
muscular atrophy, etc. Sooner or later in the case of tumours 
of slow growth, and at an early period in the history of 
tumours which develop rapidly, inflammatory changes are 
established in the neighbourhood of the tumour, and the con- 
dition of matters then practicaUj corresponds to a focal or 
transverse myehtis, the symptoms of which are described on 
page 58. lu some cases, blood ia extravasated from the 
vessels of a soft glioma, and the symptoms of spinal apoplexy 
(see p. 280) are developed. 

The exact character of the symptoms depends therefore 
upon the position of the tumour, ita size, the rapidity of ita 
growth, and especially upon the nature of the secondary 
changes in the substance of the cord (compression, atrophy, 
myelitis) which it produces. 

Diagnosis, — Tlie diagnosis is attended with e^itreme uncer- 
tainty. A long premonitory stage of ill-defined symptoms, 
followed by indications of compression of the cord, trans- 
verse myelitis, or spinal apoplexy, should suggest the pre- 
sence of an intra- medullary tumour, but a positive opinion 
can seldom be given. 

Prognosis. — The Prognosis depends upon the pathological 
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nature ot the tumour ; in eypliilitic cases recovery, which is 
usually incomplete (some paralysis remaining), is not un- 
common; tubercular tumours are perhaps sometimes recovered 
from ; but in the great majority of (non-syphilitic) cases the 
tf^rmination is fatal. 

Treatment. — Iodide of potassium should first be given ; 
if this fails, arsenic may be prescribed ; in tubercular cases 
cod-liver oil, lacto-phosphate of lime, and general tonics 
should be administered. 



EXTHA -MEDULLARY TUMOURS. 

Morbid Anatomy. — Tumours springing from the bones, 
membranes, or nerve roots, are more common than new form- 
ations of intra-meduEary origin. The following are the cliief 
varieties which have been met with : — Inflammatory forma- 
tions, cancers, and sarcomatous growths, arising from the 
bones : sarcomatous, scrofulous, fibrous, myxomatous, syphi- 
litic, fatty, cartil^inous growths, and hydatid cysta, springing 
from the merahranes ; sarcomatous, myxomatous, ghomatous, 
and fibrous tumours, springing from the nerve roots. Extra- 
medullary tumours are usually localised, and in most cases 
solitary, though occasionally, as in a case figured by Lance- 
reaux,' numerous separate nodules have been found. 

Etiology. — It is seldom that a distinct cause for the con- 
dition can be aacertained ; in some cases, there is a history of 
traumatic injury to the spine ; and, in the case of cancerous 
sarcomatous, and scrofulous tumours, the extra-medullary 
growth may be secondary to similar disease in some other 
part of the body. 

Onset, Symptoms, and Course.— The characteristic symp- 
toms of extra-medullary tumours result from irritation of the 
membranes and pressure upon the nerve roots ; and in con- 
trasting extra- and intra-meduUary growths, the same general 
principle which was insisted upon in treating of intra- and 
extra-meduDary inflammations (myelitis and meningitis) must 
be kept in view, viz., that iM/ra-medullary growths give rise 
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chiefly to symptoms of motor and sensory impairmtiU, while 
the characteristic symptoms of exira-medullary growths are 
irrUativc in character. 

The pTemonitory stage, which is usually long, not unfre- 
quently lasting for years, is characterised by localised pain 
in tlie back, and shooting pains, hypenesthesia, slight sen- 
siiry and motor impairment, in the districts of the nerve 
roots whicli are compressed by the tumour. The exact 
distrihutiou of these symptoms depends upon the position of 
the tumour and the number of nerve roots which are affected 
by it i in some cases the neirve roots of one side only are in- 
volved, and the symptoms are unilateral in their distribution. 

After the primary stage has lasted for a longer or a shorter 
period, the cord itself becomes compressed, and other symp- 
toms, wliieh I have described on page 67, are added. Here 
again the character and distribution of the symptoms depend 
upon the position of the tumour and its relationship to the 
different columns of the cord ; where the compression affects 
the cervical enlargement, as is seen to be the case in the 
lithc^raph (fig. 150), all four extremities may be para- 
lysed J where the tumour is situated below the cervical en- 
lai^ment, the upper extremities of course escape ; a tumour 
which compresses one side of the cord produces the symptoms 
of a unilateral lesion (see page 61); in some cases the pressure 
chiefly affects the anterior surface of the cord, and tJie chief 
symptoms are motor ; in others the posterior columns are most 
implicated, and sensoiy derangements are prominent. Com- 
pression of the cord ultimately produces inflammatory soften- 
ing, which in its turn is followed by secondary degenerations 
(see fig. 151). The myelitis is sometimes developed with ex- 
treme rapidity, and sudden paraplegia may thus be produced. 
The exact nature of the symptoms in the second stage will 
be more easily understood by referring to the description 
which has been previously given of slow compression of the 
cord, transverse myelitis, and secondary descending de- 
generation. 

After the second stage is reached the case usually pi-o- 
gresses more rapidly, and the patient may die from bed-sores, 
cystitis, paralysis of the muscles of respiration, lung com- 
plications, or any of the other conditions which give rise to 
death in cases of myelitis (see p. 244). Where the tumour 
involves the dorsal region of the cord, cystitis and bed-sorea 
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are seldom present, and the patient may live for a considerable 
time after the paraplegia has been developed ; but in the vast 
majority of caaea the termination is fatal. 

DiAt5N0Sis — The diagnosis is sometimes easy, but often 
uncertain or impossible. Symptoms of meningeal and nerve- 
root irritation (viz., pain in the back, and irritative sensory 
and motor phenomena in certain nerve districts), tt^ther 
with symptoms of compression of the cord, demonstrate the 
presence of an extra-medullary lesion ; and we may conclude 
with considerable probability that tlic lesion is a tumour, 
■when: 

(1.) The symptoms have developed slowly, and are not 
attended with fever. 

(2.) The lesion appears to be of limited vertical extent. 

(3.) There is no evidence of Pott's disease of the spine, 
and no history of a dislocation or fracture of the vertebraj. 

When in addition to tliis evidence the presence of a can- 
cerous, scrofulous, hydatid, or syphilitic growth can be demon- 
strated in some other part of the body, the diagnosis of extra- 
medullary tumour may be made with great certainty. 

The position of the tumour and its vertical extent are to bo 
ascertained by observing — 

1. The exact distribution of the irritative phenomena 
which result from pressure upon the anterior and posterior 
nerve roots. The particular nerve roots wliich are impHcated 
can in tliis manner be ascertained. 

2. The condition of the reflexes and the trophic condition 
of the muscles. 

3. (In the case of a unilateral lesion of the cord e.g., a 
tumour pressing upon one side of the cord), the position and 
vertical extent of the ansstlietic band on the same side as 
the lesion. (See fig. 74.) 

4. The exact position of the pain in tlie back. The pain 
■which results from pressure on the membranes, or from cancer 
of the vertebras, may be strictly localised, and so may afford 

' corroborative evidence as to the exact position of the tumour. 
I Again a local alteration of the spinal columns, such as an 
I external tumour or thickening of the bones, may indicate the 
I position of the internal tumour. It is important to remember 
I that the spinal cord terminates at the lower border of the 
I first lumbar vertebra ; and that the greater number of the 
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spinal nerves leave the spinal canal considerably below their 
attachment to the cord Hence a tumour springing from the 
bones or membranes, say a tumour of the twelfth dorsal ver- 
tebra, will not compress the segment of the cord from which 
the twelfth dorsal nerve arises, but the segments correspond- 
ing to the second, third, and fourth lumbar nerves. So again, 
a tumour springing from the third lumbar vertebra will not 
press upon the cord at all, but will only involve the nerve 
roots of the cauda equina. 

The pathological character of the tumour is to be deter- 
mined by observing — 

1. The presence of associated diseased conditions which 
are likely to give a clew to the nature of the lesion. The 
presence, for example, of malignant disease in the liver or 
some other part of the body would be a sufficient reason for 
supposing the intra-spinal tumour to be malignant too, 

2. The constitutional peculiarities and tendencies of the 
individual. 

3. The family history — a strong hereditary history of 
cancer in the absence of any direct evidence would suggest 
a malignant growth. 

4 The effect of treatment. In a supposed syphilitic 
case, rapid improvement under iodide of potassium and mer- 
cury would confirm the diagnosis. 

Treatment. — The same measures which have been recom- 
mended for the treatment of intra-meduUary tumours are to be 
adopted ; and the possibility of removing the growth con- 
sidered. Wliere the conditions mentioned on page 165 are 
present, an operation would, I think, be justifiable. 




Db ByaoM Bramwell will be obl^ed to any of his readers 
who will send him spinal cords of typical, interesting, or rare 
cases. Microscopical sections will be sent back in return. 
Tbe preparation (suspended in bichromate of ammonium in the 
manner described below), should be despatched as soon as 
possihk after removal. 



I Directions for the Removal and Preservation of the 
Spinal Cord. 

The body having been kid on its face, and a large block iniierteil 
under the thorax, an incision is to be made, in the middle line beliind, 
from the occiput to the sacrum. The skin and miisclea are then to be 
reflected from each aide of the Tertebrce. 

The lamiuEe of the two or three dorsal rert^btse, correspoudiug to 
tbe point of greatest convexity of tlie spinal cohimn, are next sawn 
across. With a little Binnipulatioii (the Hjiinous processes being grasped 
in the left band), and bj the help of a scalpel, the vertebral arches, 
which have been sawn across, can now be removed, and the posterior 
surface of the dura mater exposed. 

The lamintB of the remaining vertebne, both above and below those 
which have been removed, are then to be cit across with a powerful pair 
iif bone pliers, and the entire length of the spinal canal exposed. The 
dura makr is to he lift umliitided. The dura and cord are to be cut across 
close to tbe occipat, the dura laid bold of by forceps, and the cord 
gently raided out of the spinal canal. The spinal nerves arc then to ba 
divided, one by one, outside the dura, and the entire cord, incliidiiig 
thtjSum lerminaU, removed. 

The dura is now slit up by nseana of probe-pointed scissors (the 
greatest care being taken to avoid any injury to the cord), and the 
naked eye appearances noted. 

The cord shoidd then be divided, by means of transverse iDciaiona, 
into tbrce or four equal portions, and sarpfnded by tneans of threads in 
a wide-necked bottle, containing a tour per cent, solution of bichromate 
of anirooiiium. (When bichromate of ammonium cannot be obtained, 
spirit may be used, but it is to be avoided if possible.') The preservative 
fluid should be changed ou the second, and again on the sixth day. 
. The preparation should be kept in a cool place. 
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